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MIXING ATTACHMENTS 
for your Hobart 


The cut to the right shows 
the Hobart #A120 equipped 
with our Model CT-W-120 
Bowl and Fork including 
water jacket. All bowls of 
this series are made so that 
if purchased without water 
jacket same may be added 
at any time. 


This mixing equipment 
provides, among other 
things, a clearance between 
mixing surfaces of 1/4”. 
This gives more of a 
STRETCHING mixing ac- 
tion than the 1/16” 

to 1/8” clearance em- 
ployed in the 

Model known 

as the “Mc- 

Duffee Bowl 

and Fork’’ 

which we have 
made in recent 

years. 


For HOBART A200 Model CT-W-200 Water Jacketed Bowl, Stainless Fork. . 
For HOBART A200 Model CT-200 Plain Bowl, Stainless Fork. . 
For HOBART A120 Model CT-W-120 Water Jacketed Bowl, Stainless Fork. . 
For HOBART A120 Model CT-120 Plain Bowl, Stainless Fork. . 
For HOBART C10 Model CT-W-10 Water Jacketed Bowl, Stainless Fork. . 
For HOBART C10 Model CT-10 Plain Bowl, Stainless Fork. . 
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VEEPIN 


Nature provides man with wheat abun- 
dantl en with nutritional values. 
For decades, many of these values were 
necessarily lost in the milling 

But then through scientific advances, 
the miller and the baker were enabled 
to restore these health-giving qualities. 
And today practically all white bread 
and rolls bed family white flour are “en- 
riched.” Truly, the miller is keeping 
faith with Nature and with America. 
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THE GREAT PLAINS STATES, bountiful 

ily | | os miller, con feel proud of your 

own, and your industry's part in safeguard- 

Envich ent ing public health through enrichment. | 
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THIAMINE FLOUR 


EREAL chemists have welcomed with enthusiasm the intro- 

duction of Thiamine Mononitrate, now available in the full 
line of Merck Vitamin Mixtures for Flour Enrichment. 

Thiamine Mononitrate is a more stable form of thiamine, as- 
sures a more complete retention of vitamin B; content in enriched 
flour—even under adverse conditions of temperature and humidity 
during shipping and storage. 

Leading cereal chemistry laboratories particinated in the 
thorough investigation of Thiamine Monon’*’.ate in enriched 
flour. Since then, extensive commercial exp <ience and rigorous 
field tests have confirmed that Thiamine Mononitrate represents 
a signal improvement in flour enrichment; that it offers a degree 
of protection hitherto not available. 


1949 —A Memorable Year 
for the Cereal Chemist 


The results of the Newfoundland Nutritional Survey were pub- 
lished early in 1949. Here was dramatic reaffirmation of the far- 
reaching value of enrichment to the national health. The year’s 
end brought another scientific achievement: the introduction of 
Thiamine Mononitrate which makes possible the enrichment of 
flour with a more stable form of thiamine. 

Merck is proud to have played a part in these, as in other 
advancements of the enrichment program. 
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Thiamine milligrams 

Mononitrate has the same biological Mononitrate has the same biological 
value as 380 milligrams of Thiamine value as 760 milligrams of Thiamine 
Hydrochloride. Use No. 36-Vitamin Hydrochloride. Use No. 46-Vitamin 
Mixture as you have always used it. 

The customary labeling of enriched 

flour is unchanged when this im- unchanged 

— No, 36-Vitamin Mixture is proved No. 46-Vitamin Mixture is 

used. 


No change in labeling required 
Thiamine Mononitrate meets every requirement for thiamine 
under the Federal Standards of Identity for enriched flour. No 
need for change in the labeling on bags or packages to comply 
with Federal requirements. ; 
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Le CONTINUOUS INSECT CONTROL SYSTEM 


DOUBLE ASSURANCE 
of Clean Grain 


and Highest Quality 
Products ... 


The “ENTOLETER?” Scourer-Aspirator is the latest 
improvement in mill equipment for dry cleaning 
grain. 


This equipment cleans grain in addition to the normal 
“ENTOLETER?” function of destroying all forms of 
insect life. It eliminates insect fragments, rodent 
excreta and other contamination. After the grain 
passes through the “ENTOLETER” Insect De- 
stroyer, it is thoroughly scoured in a whirling “tor- 
nado” action, and receives uniform aspiration at the 
most vital point. 


While the light debris is in a state of suspension, dis- 
lodged from the grain, it is caught by suction and car- 
ried into the dust collector and on to feed. 


Write for test data indicating the effectiveness of this 
equipment in actual mill operation. ENTOLETER 
DIVISION, The Safety Car Heating and Lighting 
Co., Inc., 1153 Dixwell Ave., New Haven 4, Conn. 
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MADE FOR EXACTING USES 


COVO Shortenings are all-vegetable, all-hydrogenated, always 
uniform, always dependable. All are made to specifications for 
exacting uses. There is one best suited to your particular needs. 


Covo Covo “s.s.” 
—the outstanding all-purpose -—the special shortening for 
shortening for fine cakes and prepared mixes—for biscuit 
icings, cookies and piecrust. and cracker manufacture, and 
Specially refined for heat en- for all other products requiring 
durance in frying. extra stability for long shelf life. 


Covo Super-Mix 


—the modern emulsifier type shortening that holds extra 
liquids, giving exceptionally fine eating quality and ex- 
tended freshness to all cakes, icings, sweet yeast doughs. 


° General Offices: New York, N. Y. 


SPECIAL REPRINT AVAILABLE 


Contents 
Preparation of Technical Reports 
Preparation of Illustrations and Tables 
Shortcuts to Unity, Clearness and Brevity 
The Role of Statistics in Technical Papers 
Preparation of Papers for Oral Presentation 
plus 
“On Writing Scientific Papers for Cereal 
Chemistry” and “Notes on Reviewing” 
All for 75 cents 


Order from 


CEREAL CHEMISTRY, UNIVERSITY FARM 
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Now—Berrer Tuan Ever. 
PRECISION THELCO OVENS 


THE MODEL 16A PRECISION 
THELCO OVEN—the perfect oven 
for general laboratory utility work 
—-has just been redesigned to offer 
you features never before offered in 
a low priced oven. 


Sealed Hydraulic Thermostat con- 
trols oven plus or minus 4°C. No 
attention needed for this thermostat 
since vital elements are perman- 
ently sealed. Fully enclosed silver 
contact points govern the heater 
load without relays or tranformers. 
Contacts never need cleaning. 


Double Walled Cabinet and Door— 
all metal, rigidly welded and at- 
tractive in appearance. Cabinet 
and door insulated with a blanket of glass wool. Reduces wall heat-absorp- 
tion, arrests radiation losses. Inner and outer walls are rust resisting steel. 


Black Heat—heaters operate at black heat—not at incandescence—thus 
offering an added measure of safety in the presence of inflammable gases and 
a long life is assured. 


New Exterior Finish—new baked Neutra-Green Hammerloid . . . beautiful— 
hard—durable—resistant to acid and alkalies and corrosive gasses. Inside 
coated with metallic aluminum spray. 


Larger Dimensions—-Inside dimensions now 13’ wide x 14" deep x 13” high. 
Lower Price—all of these features and, still, this oven is offered at a new 
lower price—only $99.50. This includes two latticed metal shelves, adjust- 
able in 144” heights on three sets of brackets to permit pulling half-way out; 
thermometer; ventilating shutter; hazard safe door latch; neon light, cord 
and plug. Available for 115 volts or 230 volts AC or DC. 


Send us your orders Today! 
$99.50 


A. J. GRINER COMPANY 


Laboratory Apparatus - Chemicals 
1827 McGEE ST. KANSAS CITY, MO. 


A64-741 - - 
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LEADING bakers 


WwW ARE LEADERS 


to NATIONAL as their source 
supply for the principal bakery 
cts that help them produce 


goods of quality 


jon to NATIONAL YEAST— famous 

and uniformity —and Nation- 

important products such as 

d, Baking Powder and Malt 

TIONAL delivers day by day, 

Bqerbloom Frozen Whole Eggs 

erbloom Frozen Egg Whites 
Rerbloom 

Frozen Sugared Yolks 

x—the fortified egg that 

volume ... better texture 

ater uniformity ... more 

vites you to profit by 

ty of product and 
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For faster 
analysts 
use 


YREX 


BRAND 


fluted 
funnels 


You save both time and 
money with PYREX brand 
fluted funnels. They are de- 
_ signed for fast filtration 
under conditions. Flutes 
into the funnel 
walls provide adequate drain- 
age and prevent air binding. Accurately molded to 60°, these filters give 
full support to the filter rae right down to the apex of the cone. Even 
when it is wet and loaded with heavy precipitate there is no sagging, no 
loss of filtering speed. 

Of rugged design, PYREX brand funnels assure long service life. Top 
rims are heavily beaded for protection against chipping. All stems are fire 

lished and joined to the funnel with fully annealed seals. And, of course, 
| YREX brand glass No. 7740 guarantees chemical stability and high 
at resistance to physical and thermal shock. Your Laboratory Dealer carries 
complete stocks. 


CORNING GLASS WORKS CORNING, N. Y. 
meant wesearch in Glass 


Laboratory Glassware, Plant Equipment, Lightingware, Glass Pipe, Signalware, 


Technical Products Division : } Gauge Glasses, Optical Glass, Glass Component 
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7 TITRATION- 
pH METER 


for use 
on A.C. circuits 


* CONVENIENT * RELIABLE * STABLE 


The Cenco Titration-pH Meter provides convenient and reliable titration and 
pH measurements from a 115 volt, 60 cycle, alternating current supply. The 
large 7-inch scale includes a continuous scale reading from 0 to 14 pH, which 
may be estimated at 0.02 pH, and two ranges for titration readings; one from 


0 to 0.1 volt, graduated in 0.002 volt, and the other from 0 to 0.5 volt, graduated 


in 0.01 volt. Voltage multipliers to expand the 0.5 volt scale to 1.5, 2.5 or 5.0: 


volts are available. 


Built-in voltage regulation assures automatic voltage stability. A control knob 
permits easy zero adjustment. The zero point is stable; after the initial warm- 
up period, usually no adjustment is needed for continuous operation. Drains 
no power from circuit under test. Provided with output jack for connecting 
automatic recorder. Measurements can be made in grounded tanks. An easy- 
to-use temperature compensation control permits accurate pH measurements in 
the range from 0 to 100° C, 


Dimensions: length, 9% inches; width, 9% inches; height, 12 inches. 
No. 20965A Cenco Titration-pH Meter with electrodes, electrode holder, 
connecting cord and plug for 115 volt, A. C. operation... . $250-00 


No. 20967A Cenco Titration-pH Meter only, without electrodes... $225.00 


SCIENTIFIC COMPANY 


1700 hint PARK ROAD. CHICAGO 13 


NEW YORK BOSTON ‘SAN FRANCISCO NEWARK LOS ANGELES TORONTO MONTREA 
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The New 
“LABCONCO” Heavy Duty Laboratory Mill 


Changing demands on the Cereal Laboratory have brought new 
emphasis on methods and equipment for sample preparation. 
Here is a new mill designed with these problems in mind and 
for the laboratory with a heavy schedule and varied problems 
of sample preparation. 


It will handle easily your heaviest run of difficult wheat and 
produce a “cut” and representative sample. In addition, it 
will prepare shorts, bran, mixes, feeds, soybean, meat scraps, etc. 


It has a 1 h.p. motor and features micrometer se(ling for end- 
less variation of particle size reduction. The tool steel cutting 
plates cperate without actual steel-to-steel contact; thus heat 
is minimized. A card will bring pictures, full details—write 
today. 


Laboratory Construction Company 


1113-1115 Holmes Street, Kansas City, Missouri, U.S. A. 
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THE EFFECT OF VARIOUS INGREDIENTS ON THE RATE 
OF FIRMING OF BREAD CRUMB IN THE PRESENCE 
OF POLYOXYETHYLENE (MONO) STEARATE 
AND GLYCERYL MONOSTEARATE ' 


E. C. Epetmann, W. H. Catucart, and C. B. Bergutst? 


ABSTRACT 


Effective methods of retarding the progress of crumb firming during 
staling of bread include the use of lard as an ingredient, use of maximum 
water absorption coupled with minimum baking period required to produce 
bread with moisture content of not more than 38%, obtaining the maximum 
practical value for the ratio of baking pan volume to dough weight, and use 
of either polyoxyethylene (mono) stearate or glyceryl monostearate as an 
ingredient. 

Non-fat dry milk solids, sucrose, yeast, and sodium chloride were found 
to have little effect in delaying the increase in crumb firmness. 

The effect of various ingredients and of pan volume to dough weight 
relationship on increase in crumb firmness was investigated with and without 
polyoxyethylene (mono) stearate and with and without glyceryl mono- 
stearate. 


Ever since scientific methods have been applied to the problems of 
the milling and baking industries, cereal chemists have striven to 
improve the keeping properties of bread. In the past, many in- 
vestigators have reported the effect of various ingredients on certain 
manifestations of staling, such as increase in crumb firmness, reduction 
in crumb swelling power, reduction in the quantity of soluble starch, 
and other factors. Most of the work reported on this subject has been 
reviewed by Geddes and Bice (3). 

In recent years, certain materials having surface-active properties 
and known as emulsifiers have come into use as inhibitors of crumb 
firming. The effect of various ingredients on increase in crumb firm- 
ness in the presence of the two most commonly employed: surface- 
active agents; glyceryl monostearate and polyoxyethylene (mono) 
stearate, referred to in this paper as poems, has been studied. 


! Manuscript received May 19, 1949. 
* The Great Atlantic & Pacific Tea Co., National Bakery Division, New York 17, N. Y. 
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EFFECT OF INGREDIENTS ON BREAD FIRMING Vol. 27 


Materials and Methods 


The effects on crumb firmness of the following levels of lard, 
non-fat dry milk solids, sucrose, yeast, sodium chloride, and water were 


investigated. 
Lard None, 3%, and 8% 
Non-fat dry milk solids None, 3%, and 6% 
Sucrose 4%, 8%, and 12% 
Yeast 1%, 2%, and 3% 
Sodium chloride None, 2%, and 3% 
Water 60%, 64%, 65%, 66%, and 70% 


All percentages of ingredients given in this paper are based on the 
flour weight as 100%. The effect of these ingredients on increase in 
crumb firmness and the effect of the relationship between the volume 
of the baking pan and the quantity of dough baked in it was studied 
with and without 0.59% poems and with and without 0.5% glyceryl 
monostearate. Whenever 0.5% glyceryl monostearate was used the 
absorption was increased 1%. 

The bread was made in the laboratory by the sponge and dough 
process from a hard red winter wheat patent flour. All doughs had 
an absorption of 65% and contained 3% lard and 3% non-fat dry milk 
solids unless otherwise noted. Absorption was increased to 68% 
when 6% non-fat dry milk solids were added and was reduced to 
62% when they were omitted. The absorption remained at 65% 
for all levels of lard, sucrose, yeast, and sodium chloride. Mixing 
was done with a Hobart Mixer, Model A-200, using a McDuffee type 
bowl! and fork. Sponges had a temperature of 76°F. (24.4°C.) out of 
the mixer. and were fermented for 180 minutes at 80°F. (26.8°C). 
Doughs had a temperature of 80°F. (26.8°C.) out of the mixer and 
were divided immediately after mixing. The dough pieces remained 
at 80°F. (26.8°C.) for 20 minutes between dividing and molding. 
They were rounded by hand but molded mechanically. Two dough 
pieces, each weighing 9 ozs., unless otherwise noted, were placed 
crosswise in the baking pan to form one loaf. The baking pans used 
measured : inside top 8.5 in. by 4.5 in., inside bottom 7.5 in. by 3.5 in., 
depth 2.7 in., and had a volume of 87.9 cu. in. All doughs were proofed 
to the constant height of 9.1 cm. before baking. Baking was done in 
an electrically heated oven equipped with top and bottom heating 
elements and a rotating metal hearth. All bread was baked for 25 
minutes at 450°F. (232°C.) unless otherwise noted. Each experiment, 
relating to a particular ingredient or factor being investigated, was 
done in duplicate, at least, and several were done in triplicate. 

Changes in crumb firmness occurring during a period of 96 hours 
after baking were followed by organoleptic and compressimetric 
methods. All organoleptic tests were made by the same three labora- 
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tory workers. The softness of bread was determined by squeezing the 
loaf by hand, feeling the texture of the crumb, eating the bread, and 
mashing with the fist the cut surface of the loaf and noting its resiliency. 
Mechanical tests of crumb firmness were made with the Bloom 
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24 te 
Hours After Boking 


Hours After Baking 


Fic. 1. Effect on increase in crumb firmness of various lard levels; without an emulsifier, with glycery! 
monostearate, and with polyoxyethylene (mono) stearate. 


Gelometer equipped with a plunger of 1 in. diameter as described by 
Carlin, Hopper, and Thomas (2). In this work a constant strain of 
4mm. was used. Loaves were sliced in a commercial slicer 90 minutes 
after baking. Excluding both end slices, 17 slices each approximately 
0.5 in. thick were obtained from a loaf. Two slices, placed together 
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on the platform of the Bloom Gelometer, were used for each com- 
pressibility measurement. Seven measurements were made on each 
loaf at each test period and average values were plotted to illustrate 
the changes in crumb firmness with time. Initial compressibility tests 


2a 
Hours After Baking 


Hours After Baking 


Fic, 2. Effect on increase in crumb firmness of glyceryl monostearate and of polyoxyethylene 
(mono) stearate at various lard levels. 


were made as soon as possible; usually within three hours after baking. 
Further compressibility measurements were made on the same loaves 
at approximately 24, 48, 72, and 96 hours after baking. All loaves 
were stored at 80°F. (26.8°C.) between compressibility measurements. 
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150 


Crumb Firmness in Grams 


Beas 
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Crumb Firmness in Grams 


Fic. 3. Effect on increase in crumb firmness of various levels of non-fat dry milk solids; without 
an emulsifier, with glycery! monostearate, and with polyoxyethylene (mono) stearate. 


The determination of increase in crumb firmness was used ex- 
clusively in this work as the experimental method because the authors 
have found that the rate of increase in crumb firming shown by such 
instruments as the Baker Compressimeter and Bloom Gelometer 
reflect the findings of the consumer when choosing bread. 
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25 mins. 450°F 


Fic. 4. Effect of various sucrose levels on increase in crumb firmness of bread baked 25 min. 
at honchf (232°C.); without an emulsifier, with glyceryl monostearate, and with polyoxyethylene (mono) 
stearate 
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emulsifier. 


EFFECT OF INGREDIENTS ON BREAD FIRMING 


In this paper the term “control” is not limited to one particular 
formula but describes, in each series, the loaves made without an 


Results and Discussion 


Lard. 


225 


Fig. 1 illustrates the effectiveness of lard in slowing the 
advance of crumb firmness. The addition of 3% lard had the greatest 
improving effect in the bread made without an emulsifier. 
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different levels of sucrose, to the same 
and with polyoxyethylene (mono) stearate 


the second lard addition. 


Fig. 2 presents the same information in a different manner and 
illustrates the effectiveness of poems and glyceryl monostearate at 
Poems and glyceryl monostearate are more 


different lard levels. 


the lard to 8% showed only slight improvement 
without an emulsifier while bread containing poems and that containing 
glyceryl monostearate showed a relatively greater improvement from “ 
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Effect on increase in crumb firmness of baking at 450°F. 
crust color; without an emulsifier, 


(232°C.) bread, made with 
with glycery! monostearate. 


in the bread made 
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effective crumb firmness retardants in bread made without lard than 
in bread made with lard. Organoleptic tests indicated that the 
effectiveness of lard in retarding increase in crumb firming is more 
readily observed in bread made without an emulsifier. 

Non-Fat Dry Milk Solids. Fig. 3 shows that increments of 3% 
non-fat dry milk solids have a tendency to retard the increase in 
crumb firmness of bread made without an emulsifier. Such improve- 
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Hours After Boking 


Fic. 6. Effect on increase in crumb firmness of various yeast levels; without an emulsifier, 
with glyceryl monostearate, and with polyoxyethylene (mono) stearate. 


ments are not shown in bread containing either poems or glyceryl 
monostearate. Although organoleptic tests show the same trend, differ- 
ences are small and there is little indication that non-fat dry milk 
solids affect the increase in crumb firmness of staling bread to an im- 
portant degree. 

Sucrose. Fig. 4 shows that variations in sucrose content of from 
4 to 12% have little effect on the degree or rate of change of crumb 
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8 EFFECT OF INGREDIENTS ON BREAD FIRMING Vol. 27 
firmness. In bread containing poems and glyceryl monostearate there 
is a slight tendency toward increased crumb firmness as the sucrose 
level is increased from 4 to 12%. Organoleptic tests indicated no 
differences in crumb firmness at various sucrose levels in bread con- 
taining poems but did indicate increased crumb firmness at 8 and 12% 
sucrose levels in bread made with glyceryl monostearate and in bread 
made without an emulsifier. Because of differences in crust color 
another experiment was made employing the same sucrose levels as 
before, but the loaves made with 4 and 12% sucrose were baked until 


72 
Hours After Baking 


Fic. 7. Effect on increase in crumb firmness of various levels of sodium chloride; without 
an emulsifier, with glyceryl! monostearate, and with polyoxyethylene (mono) stearate. 


the crust colors matched visually that of the loaf made with 8% 
sucrose and baked for 25 mins. Loaves containing 4% sucrose re- 
quired 30 mins. and those containing 12% sucrose required 22 mins. 
baking time; all at 450°F. (232°C.). Results are illustrated in Fig. 5. 
In the second experiment there was a difference in the degree of increase 
of crumb firmness between loaves having different sucrose levels, 
especially in the control and glyceryl monostearate loaves. These 
results were confirmed by organoleptic tests. However, it is likely 
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that differences in baking time, not sucrose content, accounted for 
differences in the rate of increase in crumb firmness. The moisture 
content, as determined by the A.A.C.C. Method (1), of loaves baked 
for 22 mins. was below 38%. 

Yeast. Fig. 6 shows that the use of 2% and 3% of yeast tends to 
produce softer bread than the use of 1% yeast. This effect was barely 
apparent in bread containing poems. Organoleptic tests confirmed 


200 


05% Glyceryl Monostearate 


Hours After Baking 


8. Effect of various absorptions on increase in crumb firmness of bread baked 25 min. at 
sor. (233°C. ); without an emulsifier, with glyceryl monostearate, and with polyoxyethylene (mono) 
stearate. 


these findings. Like all other doughs in this study, these were proofed 
to a constant height of 9.1 cm. Differences in increase of crumb 
firmness between loaves made with various quantities of yeast cannot 
be accounted for by differences in loaf volumes. 


0.5% glyceryl mono- 
stearate 


Yeast No emulsifier added 0.5% poems 
1% 2375 cc. 2475 cc. 2300 cc. 
2% 2400 cc. 2450 cc. 2350 cc. 
3% 2350 cc. 2575 cc. 2375 cc. 


igx 
| 
5 
150 150 
s 
i 
50 
Hours After Baking Hours After Baking Bt 
Boked 
175} 25 mins. 450°F 
125} 
50 05% Polyoxyethylene Stearate 
| 
ak 


10 EFFECT OF INGREDIENTS ON BREAD FIRMING Vol. 27 


Because loaves containing 3% yeast had a strong odor 48 hours after 
baking, further investigation at higher yeast levels was not made. 
Sodium Chloride. Fig. 7 shows that in all cases the crumb of 
bread made without sodium chloride was less firm than that containing 
3% sodium chloride. However, this observation probably is without 
practical value and differences in increase in crumb firmness between 
loaves made with 2% and 3% sodium chloride were small. Organo- 


30 min 
05% Potyoxyethyiene Stearate) 


Hours After Boking 


Fic. 9. Effect on increase in crumb firmness of bread baked for same period, but at different 
temperatures and absorptions; without an emulsifier, with glyceryl monostearate, and with poly- 
oxyethylene (mono) stearate. 


leptic tests did not reflect differences between loaves made with the 

different levels of sodium chloride and it was noted that, in all cases, 

the loaves made without sodium chloride were approximately 12% 

greater in volume than those containing 3% sodium chloride. ‘ 
Water. Two series of breads with absorptions ranging from 60% 

to 70% were made. Results from both series are illustrated in Figs. 

8,9, and 10. One series with absorptions of 60%, 65%, and 70% was 

baked for 25 mins. at 450°F. (232°C.). Fig. 8 shows that increased 
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absorption is effective in retarding the increase in crumb firmness 
especially in the presence of glyceryl monostearate or poems. Organo- 
leptic tests confirmed this except in mastication where increased 
absorption brought no observable changes. A second absorption 
series (illustrated in Figs. 9 and 10) was made using absorptions of 64% 


Hours After Baking 
225 


Hours After Boking 


Fic. 10. Effect on increase in crumb firmness of bread baked for different periods, at different 
temperatures and absorptions; without an emulsifier, with glyceryl monostearate, and with poly- 
oxyethylene (mono) stearate. 


and 70% for the control loaves and 66% and 70% for the poems and 
glyceryl monostearate loaves. Breads with absorptions of 64% and 
66% were baked at 450°F. (232°C.); control bread with 70% absorption 
was baked at 520°F. (271°C.); and those containing poems and glyceryl! 
monostearate and having an absorption of 70% were baked at 475°F. 
(246°C). The doughs made with different levels of absorption were 
baked for three baking times, namely, 20, 25, and 30 minutes. Fig. 9 
shows that the effectiveness of increased absorption in retarding the 
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increase in crumb firmness with time is maintained even when the 
bread is baked at a higher temperature. Although control bread baked 
at 475°F. (246°C.) was not available, that baked at as high a tempera- 
ture as 520°F. (271°C.) was softer than glyceryl monostearate bread 
with an absorption of 66% and baked at 450°F. (232°C.). Fig. 10 
shows that the crumb of control bread, with an absorption of 70% and 
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FiG. 11. Moisture content of bread illustrated in Fig. 10. 


baked for 25 and 30 minutes at 520°F. (271°C.) is softer at the end of 
96 hours than bread containing 0.5% glyceryl monostearate, baked 
for the same periods at 450°F. (232°C.), and having an absorption of 
66%. This is not so when these same breads are baked for 20 mins. 
However, Fig. 11 shows that all breads baked for 20 mins. have a 
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moisture content (1) above 38% while those baked for 25 and 30 
minutes are below 38%. 

Relationship of Pan Volume to Dough Weight. It was of interest 
to investigate the effect of variations in the ratio of pan volume to 
dough weight on the rate of change in crumb firmness. As in the 
ingredient experiments, doughs were made without an emulsifier, with 
0.5% poems, and with 0.5% glyceryl monostearate. Two fermented 
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Hours After Baking 
Fic. 12. Effect on increase in crumb firmness of relationship between pan volume and dough 
weight; without an emulsifier, with glyceryl monostearate. and with polyoxyethylene (mono) stearate. 
Also the effect of various pan volume—dough weight factors, singly and in conjunction with glyceryl! 
monostearate or polyoxyethylene (mono) stearate. 


dough pieces, each pair having a total weight of 18, 16, 14, and 12 ozs., 
were baked in pans having a volume of 87.9 cubic inches giving 4.9, 
5.5, 6.3, and 7.3 cubic inches of pan volume per oz. of dough, respec- 
tively. Fig. 12 shows that the rate of increase in crumb firmness, over 
the entire range, was decreased as the number of cubic inches of pan 
volume per ounce of dough was increased. Fig. 12 also shows that 
bread made without an emulsifier and having 6.3 cu. in. of pan volume 
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per oz. of dough was as soft during a 96 hour period as bread containing 
0.5% poems and having 4.9 cubic inches of pan volume per oz. of 
dough ; and also as soft as bread containing 0.5% glyceryl monostearate 
and having 5.5 cubic inches of pan volume per oz. of dough. 

The results of this study indicate factors effective in delaying the 
advance of crumb firmness are: the use of either poems or glyceryl 
monostearate; the use of lard as an ingredient; the maximum absorp- 
tion coupled with the minimum baking period required to yield bread 
having a moisture content, one hour after baking, of not more than 
38%; and obtaining the maximum value for the ratio of baking pan 
volume of dough weight, consistent with the maintenance of bread 
quality. Non-fat dry milk solids, sucrose, yeast and sodium chloride 
were found to have little effect in delaying the increase in crumb 
firming. 
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A STUDY OF THE EFFECTS OF VARIOUS TECHNIQUES 
ON THE MEASUREMENT OF THE FIRMNESS OF 
BREAD BY THE BAKER COMPRESSIMETER ' 


L. B. CrossLanp and H. H. Favor? 


ABSTRACT 


The Baker Compressimeter was used to study the force-deformation re- 
lations in bread crumb. Large variations in thicknesses of prisms of bread 
crumb do not alter these relations when the dimensions of the plunger equal 
or exceed those of the prism. Whole slices were found to be undesirable as 
test pieces because of the influence of shear at the perimeter of the plunger. 
The slope of the softness curves produced by fixed force techniques cannot 
be used alone to indicate staling rate because of anomalous results. The 
slope of firmness curves, as indicated by fixed deformation techniques, is 
fairly constant, as bread ages beyond 12 hours; so tests at 18 and 66 hours 

_ are indicative of the firming trend. Proper sampling in fixed deformation 
techniques can eliminate the influence of random differences in firmness of 
loaves on rates of firming, but these influences cannot be avoided by sampling 
in fixed force studies. Fixed deformation technique was found to have de- 
finite advantages over fixed force technique. It was found that the results 
of the two techniques could not be compared by the simple use of reciprocals. 


Though the mechanism or mechanisms of bread staling are not 
fully understood, it is recognized fhat many aspects of staling are due 
to alterations in the starch and that certain other changes in bread not 
known to be attributable to the starch do, however, parallel the 
changes of the starch. The most pronounced and widely recognized 
change is that which results in firming of bread. Several objective 
tests have been proposed for evaluating the degree of staleness of 
bread. Those involving the measurement of changes in the force- 
deformation relationships of the crumb have proven to be most useful, 
because they correlate so well with consumer evaluations. 

With few exceptions, these force-deformation studies have been 
made using a machine of the type described by Platt (4) or the Baker 
Compressimeter (5) which is essentially only an improvement on the 
Platt machine. No two investigators have used the same test condi- 
tions. Some operators have tested whole slices of bread, others, only 
sections of crumb. Some have recorded values for force for a fixed 
deformation; others have reported deformation for a fixed force. 
There has been considerable variation in the maximum values of force 
and deformation in such studies. 


} Manuscript received July 11, 1949. Presented at the annual meeting, May 1949. 
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Geddes and Bice (3) completely reviewed the literature on bread 
staling and recommended that methods of evaluating staleness be 
standardized, so that results of various investigators might be compared. 

The object of this study was to determine the effects of various 
fixed conditions on the values obtained by the compressimeter method 
for determining the staleness of bread, and to establish an optimum set 
of conditions and procedures which will reflect the changes that occur 
in bread as it ages. 
Experimental 

The Baker Compressimeter equipped with a plunger 32 mm. square 
attached at the position nearest the fulcrum was used in all test work, 
except as noted. 


Prism Thickness 
3.0 Cm. 
1.2 Cm. 


0 
0 20 30 40 50 
Deformation % 


Fig. 1. Effect of prism thickness on the profile of the force-deformation curve of bread crumb. 


The bread used in these tests was made from an average commercial 
formula by the sponge-dough process explained by Favor and Johnston 
(2) and was stored at 86°F. during the test period, except as noted. 

Effect of Thickness of Test Prism. Rectangular prisms of 18-hour- 
old bread 32 mm. square, both 12 mm. and 30 mm. thick, were tested 
in the Baker Compressimeter by taking readings of force at 1 mm. 
intervals, as the drum rotated. 

When force was plotted against per cent deformation (Fig. 1), it 
was found that overlapping portions of the curves were quite similar, 
indicating that large variations in slice thickness did not alter the 
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nature of force-deformation curves. Platt & Powers (5) noted the ad- 
vantages of using slices of commercial thickness. Inasmuch as thick- 
ness of the test prism is here indicated to have little qualitative effect 
on results, a thickness of 12 mm. was used in subsequent tests. A 
prism of these dimensions (32 mm. square by 12 mm. thick) is referred 
to as a standard prism. 

Effect of Age on Stress-Strain Relations in Bread Crumb. Force- 
deformation curves of bread at 4, 18, 42, 66 and 90 hours of age were 
obtained by plotting forces required to compress a standard prism 1 
to 6 mm. 

It will be noted in Fig. 2 that the profile of the curve changes very 
little with age, though the crumb is indicated to be progressively 


300 
90 Hr. 


42 He. 
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Fig. 2. The influence of aging on the profile of the force-deformation curve for bread crumb. 


firmer at any deformation. It is interesting that in this family of 
curves the slopes are a minimum between 3 and 4 mm. deformation in 
each case (Table 1). It is likely that the high force required to pro- 
duce the ist mm. deformation is due to the arch type cell structure. 
As the cells become deformed, the force required for additional de- 
formation decreases, until the bread loses its characteristic texture 
and approaches a continuous mass. 

Obviously, in a practical test, it is not possible to make tests every 
few hours. The changes occurring in bread during the period from 12 
to 72 hours are most interesting to the consumer since this is the period 
during which most bread is eaten. However, 12 and 72 hour tests are 
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TABLE I 


Force at 
Minus force at 


Age in hours 
4 


18 
42 
66 
90 


* Grame per differential millimeter compression (Fig. 2). 


highly inconvenient when the bread is laboratory baked. The 12 hour 
test is due after normal working hours, and the 72 hour test is due at a 
conflicting hour, where a daily baking schedule is in effect. Tests at 
18 and 66 hours cause no conflicts and give results indicative of the 
firming trend. 

Slice vs. Prism. Using standard prisms and slices 12 mm. thick, 
force was observed at 1 mm. intervals up to 6 mm. on bread 18 and 
66 hours old. 

The results in Fig. 3 show that the profiles of the curves for prisms 
and whole slices are somewhat dissimilar. 

When the dimensions of the prism are equal to or less than those of 
the plunger, strain is entirely compressive. However, in the whole 


2 3 4 
Deformation - mm 


Contrasting profiles of force-deformation curves for slices and prisms of bread crumb. 
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slice there is resistance offered to the plunger by the crumb at the peri- 
meter which isin shear. The plunger produces a cup shaped depression 
in a whole slice, and when the plunger is released, after a high deforma- 
tion, the outline of the plunger remains well defined indicating more 
pressure exerted at the perimeter than under the face of the plunger. 

In tests of prisms and whole slices of a given type of bread, both 
12 mm. thick, a fixed relation existed between forces required for a 
given deformation of a slice and prism. This relation was relatively 
constant as the bread aged, tending to confirm the observation of 
others that testing of whole slices under a given plunger is equivalent 
to increasing prism and plunger area; however, this ratio of forces was a 
function of the extent of deformation (Table 11). 

Forces required to compress a prism of crumb and a slice compar- 
able amounts are obviously related in a complex manner which in- 
volves plunger shape, and area, extent of deformation, and, probably, 


TABLE II 


RELATIVE ErrectivE PLUNGER AREAS IN COMPRESSION TESTING 
oF SLICES OF BREAD 


Deformation in mm. ist Day 


1.34* 
1.43 
1.45 
1.55 
1.59 


* Calculated as grams force required for indicated deformation of a waole slice divided by grams 
force required to compress a prism the same area as the plunger the same amount. 


tensile strength of crumb. It appears inadvisable to measure values 
influenced by more than one characteristic of bread, when comparison 
with results of other investigators is contemplated. 

Fixed Deformation vs. Fixed Force. The data in force-deformation 
studies have been presented graphically in two different manners. 
One of the most widely used means of presenting the data has been as 
compressibility or so-called softness curves, which are of hyperbolic 
type, so there is no curve parameter which may be used to illustrate 
staling rate. Recently, the trend among investigators has been to 
plot data as firmness against time; this produces a line with a char- 
acteristic slope. 

As bread ages beyond the first 12 hours of rapid change, firmness is 
nearly a straight line function of time. Only two points are required 
to plot such a curve, whereas a large number are required to plot a 
curve of hyperbolic type. Because the differences in firmness between 
loaves of the same batch of bread are often greater than the differences 
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in firmness of the two halves of a loaf, it is preferable to test half of 
each loaf under observation at each time interval. In this way, the 
influence of random differences in firmness of loaves is minimized, and 
differences in firmness at different test times are attributable to aging. 
To obtain points required to plot the hyperbolic type curves, different 
loaves must be used at each time interval because the loaves cannot 
be symmetrically divided into more than two portions for compression 
tests. Readings at different times, therefore, are influenced by random 
differences in firmness of loaves, as well as by aging of the bread. 
Fixed force studies were made by reading deformation at fixed 
force values while the machine was in operation, in contrast to taking 


0 
Fig. 4. The influence Df st temperature on “slope of the compressibility curve” 
for bread crumb under a fixed stress of 11.7 gms/cm*. 


equilibrium values. The nature of the curves was similar, although 
higher forces were required for a given deformation when force was 
read with the machine running. 

Bread stored at 86°F. was tested and the values plotted as ‘“‘com- 
pressibility’’ as is customary in fixed force studies. As indicated in 
Fig. 4 the curve is flatter for bread stored at 60°F. than for that stored 
at 86°F. The “slope” of such curves has been used alone as an index 
of staling rate. From these curves, then, it would appear that bread 
stored at 60°F. stales less rapidly than bread stored at 86°F., a con- 
clusion which is in conflict with the observations of all who have studied 
the influence of temperature on bread staling. If the fact that soft- 
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nesses at the earliest test are not equal is considered, the evaluation 
becomes complicated and the manner in which allowance should be 
made is unknown. 

Fixed Strain. Standard prisms tested at 4 to 90 hours at fixed 
deformations give curves shown in Fig. 5. Though the firmness values 
vary as the deformation, the slopes during the period from 12 to 90 
hours are roughly equal for deformations from 2 to 4 mm. _ It would 
appear, therefore, that the slope of firmness-age curves is a parameter 
characteristic of the material tested and is not affected by moderate 
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Fig. 5. The influence of deformation on the time-firmness relations in bread crumb. 


changes in technique with respect to per cent deformation, provided 
that per cent deformation is fixed for the duration of the test. 

Additional techniques suggested in Cereal Laboratory Methods, such 
as the one where the force on the prism is maintained at constant value 
and the deformation at definite time intervals is observed (1), have 
been briefly studied and found to be time consuming and of little, if 
any, merit, chiefly because curves rather than point values are obtained 
at each test time. The curves can be interpreted only with difficulty, 
if at all. 
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Of the techniques studied, the fixed deformation procedure was 
judged to have advantages far greater than any noted for fixed force 
technique. 

Attempts have been made by some investigators to compare data 
obtained by fixed deformation studies with those obtained under fixed 
force conditions. This has been done by plotting both as firmness or 
as “compressibility."" To do this, the reciprocal values of the ap- 
propriate set of data are obtained. If, under the conditions of both 
tests, force were proportional to deformation in the control breads, at 
all respective test times, it would be possible to make comparisons by 
use of reciprocals. If, however, for either or both tests force is not 
proportional to deformation up to maximum deformation at each test 


Fig. 6. The dense circles at ordinates of 100 grams and 125 grams indicate the data used in pro 
ducing the “+ curves of Fig. 7, The ordinates at | mm. indicate the data used to produce the solid 
curve of Fig. 7. 


time, the use of reciprocals is not justified, so such comparisons can- 
not be made. 

Using fixed force data to obtain firmness type curves, the possibly 
misleading results of such comparisons may be illustrated. The data 
used are indicated by the large dots on the family of curves of Fig. 6. 
By dividing the fixed force value in grams by the deformation in mm. 
a quantity is obtained, the dimensions of which are grams/mm., the 
same as for firmness readings. 

Firmness type curves based on those data are indicated by broken 
lines and, obviously, do not correspond in profile to the curve produced 
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by the fixed strain technique, as represented by the solid curve. As the 
data represent one sample of bread and the curves indicate three differ- 
ing rates of change of firmness, it is evident that data obtained by 
fixed force technique cannot be compared with those obtained by 
fixed deformation methods by the simple use of reciprocals. It is 
further indicated that small changes in fixed force value alter the 
nature of the resulting curves appreciably. 

In tests of crumb at 18 and 66 hours, it is desirable that a deforma- 
tion be used which will indicate a maximum change of required force 
over the test period. Fig. 8 represents the firmness of bread crumb 


Fig. 7. Contrasting profiles of time-firmness curves obtained by fixed deformation technique and 
th ~e calculated from force data on the same bread sample. The captions on the curves indicate 
th. fixed condition under which the data were obtained. 


prisms at 66 hours minus the firmness at 18 hours at deformations up 
to 6 mm. 

Up to a deformation of 1.5 mm., the slope of the curve is quite high. 
Evidently slight variations in strain value at which force is read would 
cause considerable fluctuations in the results. As the Baker machine 
is normally read while running, it appears inadvisable to take readings 
at less than 1.5 mm. It will be noted that the difference increases 
very little for deformations over 3 mm. There is no readily apparent 
way of selecting any particular value over 1.5 mm. that would be more 
valid than another. However, the use of lower deformations allows a 
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study of products over longer intervals of time because off-scale values 
are produced at a later time. Based on these considerations, a de- 
formation of 2.5 mm. was selected as optimum. 

Suggested Method for Determination of Staling Rate of Bread with the 
Baker Compressimeter. Select two or more loaves of comparable 
volumes from each batch to be tested. Wrap in moisture-proof paper 
and store at 86°F. At 18 hours from the oven, using commercial slice 
or 12 mm. slices, cut prisms to the dimensions of the plunger (32 mm. 
square). The prism should be taken at about 1 inch from the lower 
crust and the side away from the “‘break.’’ Use half of each loaf, dis- 
carding those prisms with large holes or hard cores. The two end 


| 

3 
Deformation - mm 


Fig. 8. The influence of deformaticn on the firmness-difference of bread crumb 66 and 18 hours old, 


slices should be used to cap the open end of the loaf before rewrapping 
and returning to storage. 

With the plunger at position 1, place the test prism beneath the 
plunger and turn Nut B (1) to adjust the pointers to zero. Start the 
motor and when the test piece has been compressed 2.5 mm., read scale 
J and multiply by the leverage. Average all readings for the batch. 

At 66 hours from the oven, test the remaining halves in the same 
manner. The difference between the 3rd and 1st day averages is an 
index of the staling rate of the batch. 

Correlation of Test Method with Consumer Evaluations. To deter- 
mine whether the values measured by such a test would correlate with 
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consumer evaluations of firmness, bread 1, 2, and 3 days old was tested 
for firmness, as described, and, then, slices of each were offered to a 
panel of 20 people. Each was asked, “Which is most firm?” and then, 
“Which of the two otliers is less firm?” 

Of the 20 people, 18 judged the 3 day old bread with a firmness 
reading of 195 grams as most firm and 18 judged the 1 day old bread 
with a reading of 105 grams as least firm. The two day old bread gave 
a reading of 131 grams. 

These results show that the measurement of firmness by the Baker 
Compressimeter, using the selected test conditions, correlates with 
normal consumer evaluation of firmness. 
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CHANGES IN THE RATE OF FIRMNESS DEVELOPMENT 
IN BREAD AT DIFFERENT SEASONS AND WITH 
THE USE OF EMULSIFIERS ' 


Oscar SKOVHOLT and R. L. Downe? 


ABSTRACT 


Compressibility determinations indicated that emulsifiers reduce the 
rate at which bread increases in firmness with age and that polyoxyethylene 
stearate is more effective than a vegetable oil monoglyceride in this respect. 
Measurements made during different seasons of the year showed that bread 
became firm more quickly in temperatures such as prevail indoors during 
winter as compared with those encountered during the warmer months of 
summer. 


A controversy exists as to whether some of the recently developed 
emulsifiers are in effect merely bread softeners or whether they retard 
the rate of firmness development. The term “‘staling’’ might be 
applied to the latter change since it is believed that this phenomenon 
is chiefly characterized by increasing firmness and harshness when 
eaten or when judged by some type of squeeze test. Much work re- 
mains to be done in defining the process of staling. Until such a 
complete definition is available, controversy can be avoided by re- 
ferring to the observed changes in firmness with age rather than to 
antistaling properties. 

The purpose of this investigation was to determine the effect of 
two different types of emulsifiers on the rate of firmness development 
in bread. There was no change in the absorption used since extra 
water tends to increase the initial softness. Loaf volumes were ap- 
proximately the same throughout the investigation. Variation in 
volume can also be an important factor in variable initial softness. 
The amount of bake also influences initial softness and this factor was 
kept constant throughout the investigation. An effect of temperature 
upon rate of firmness development became evident while making these 
compressibility measurements throughout the year. Some average 
values were obtained for the rate of firmness development during 
different seasons of the year. 


Materials and Methods 


In order to conform to commercial baking practice, a sponge and 
dough method with average commercial formula was employed. This 


' Presented at the annual meeting-—May, 1949. Manuscript received, ome 13, 1949. 
* From the laboratories of Quality Bakers of America Cooperative, Inc., N. Y., N. Y. 
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included the use of 3% shortening in the control doughs and 2% when 
using an emulsifier. Loaves were produced in pans with dimensions 
of 4 x 8 X 2% in. and with doughs scaled at 430 g. Time and 
temperature factors for all steps in production were in line with ac- 
cepted commercial practice. A baking time of 24 min. at 230°C. 
produced a more thorough bake than is evident in much commercial 
bread at the present time. 

Two types of flour were used throughout the investigation but with 
a different sample for each set of baking tests. The flours used were 
average bakers southwestern hard winter and hard spring wheat types 
of medium extraction. Each set of loaves compared for firmness was 
made with either the same flour or a blend of similar samples. 

Bread firmness was determined by the Baker Compressimeter using 
the optional method of constant strain as mentioned in Cereal Labora- 
tory Methods (1). Readings were taken of the load required for 
depressions of 2, 3, 4 and 5 mm. These readings were made on at 
least six slices from each loaf tested. 

Loaves were wrapped in ordinary waxed paper as soon as sufficiently 
cooled. They were then held in a cabinet and were subject to the 
usual variations in temperature until they were used for compressibility 
tests. 

Two types of emulsifiers were used in the series specifically set up 


to study the rate of firmness development. They were a polyoxy- 
ethylene stearate and a vegetable oil monoglyceride and both were 
used at a level of 0.5% of flour weight. The latter had a somewhat 
lower melting point (46°C.) than most ingredients first offered the 
bakers as glyceryl monostearate. 


Results and Discussion 


Effect of Emulsifiers. The results in Fig. 1 show compressibility 
readings made on bread when 2, 24, 48, 72, and 96 hours old. Six 
slices were taken from a separate loaf from each batch for the firmness 
determinations at each time interval. Triplicate sets of tests were 
made with each flour type so that each point on the curves is based on 
18 readings. 

It is quite evident that differences in softness of the 2 hour bread 
are insignificant and that there is an appreciable decrease in the rate 
of firmness development due to the addition of the emulsifiers. The 
average firmness readings for both flour types on 96 hour bread were 
29.4 for the control loaves, 22.6 when using vegetable oil mono- 
glyceride and 16.5 for the bread containing polyoxyethylene stearate. 
The two flour types are not identified in the figure since the tests with 
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flour No. 1 were made several weeks before those with No. 2 and with 
an increase in average room temperatures during this interval. This 
difference in temperature during storage of the bread could account 
for the difference in the rate of firmness development with the two 
flour types as will be discussed later. 

There has been some dispute about the amount of deformation 
which should be employed in making firmness tests with the Baker 
Compressimeter and also as to whether the data conform to Hooke’s 


Control 
Flow 
z 
Control 
« 
' 
Via 
a /, shortening - others with 2% 
¥ 10 Shortening 
2 
5 
2 
| 
2 24 ans 72 96 


AGE OF BREAD - HOURS 


Fic. 1. Effect of age of bread on compressibility readings. 


law. Fig. 2(b) shows the average firmness-deformation relationship of 
the control bread at various ages from the six series of tesis which have 
just been discussed. Fig. 2(a) gives similar data for the bread containing 
polyoxyethylene stearate. The stress-strain relationships produced 
approximately straight lines in all cases when plotting deformations of 
2, 3, 4, and 5 mm., but these lines extrapolated would not pass through 
the origin. This would seem to indicate that Hooke’s law does not 
apply to such determinations. The regularity of results at different 
deformation levels show that the effect of the emulsifiers upon the rate 
of bread firmness development can be shown by employing any 
deformation within this range but that differences are greater in the 
upper part of the range since the lines are not parallel. 
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Effect of Temperature. One of the most impressive results from 
the use of an instrument such as the Baker Compressimeter was the 
revelation of a pronounced effect of storage temperature upon the rate 
of firmness development in bread. When judgment is used, instead 
of mechanical measurement, there is no way of noting whether bread 
firms more rapidly during the winter as compared with the summer 
season. It was soon discovered that shorter storage periods had to be 
employed during the cold weather season to stay on the scale of the 
instrument when reading the load needed for a 5 mm. depression of 
the slice. 
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Fic. 2. (A) Relationship of firmness and deformation values obtained with bread of various ages 
containing polyoxyethylene stearate. (B) Values obtained with control bread of various ages. 


A total of 13 pairs of loaves made without emulsifier and a similar 
number containing polyoxyethylene stearate, at a level of 0.5% of 
flour weight, were checked for compressibility after four days storage 
at uncontrolled room temperatures during the months of May through 
August. Average compressibility values for a 5 mm. depression were 
24.3 for the control loaves and 15.4 when the bread contained the 
emulsifier. By way of comparison, averages were compiled for 18 
’ series of tests made during the months of October through April on 
bread which had been held for only 3 days. Readings for a 5 mm. 
depression averaged 30.1 for the control bread and 20.6 when the 
polyoxyethylene stearate was included. These values average 27% 
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higher than those obtained in the summer with a 25% reduction in 
storage time. 
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EFFECTS OF VARYING QUANTITIES OF SUGAR, 
SHORTENING, AND AMMONIUM BICARBO- 
NATE ON THE SPREADING AND TOP GRAIN 
OF SUGAR-SNAP COOKIES ' 


K. F. Finney, W. T. YAMAzaAxki, and V. H. Morris? 


ABSTRACT 


Shortening was varied in the cookie formula from 25% to 35%, sugar 
from 50% to 80%, and ammonium bicarbonate from 0% to 3.25%, using a 
procedure that required small amounts of ingredients. Varying the quant- 
ity of shortening did not materially affect cookie diameter but did alter top 
grain in certain instances. Spreading of cookies during baking was directly 
j proportional to the quantity of sugar added within each ammonium bi- 
carbonate concentration. Increases in ammonium bicarbonate also pro- 
duced proportional increases in diameter within each sugar level. When 
the quantity of sugar used was less than 55%, however, inferior top grain was 
obtained. An addition of .5% ammonium bicarbonate, in general, pro- 
duced as much increase in cookie diameter and change in top grain as an 
increase of 7.6% sugar. 

The quantity of ammonium bicarbonate required to produce cookies 
having a specified diameter and optimum top grain differed markedly be- 
tween varieties. The flours from wheat varieties that spread the most with 
a fixed concentration of ammonium bicarbonate were those generally con- 
sidered to be superior for cookies. Increasing increments of ammonium 
bicarbonate increased the pH of cookie dough from about 7.3 with no 
ammonium bicarbonate to about 7.9 for 2.25% regardless of variety. Fur- 
ther increases of bicarbonate to 3.25% were without additional effect on pH. 

A formula including those quantities of sugar, shortening, and am- 
monium bicarbonate found to be most satisfactory for evaluating the cookie 
quality of different varieties of wheat is suggested. 


The Tentative A.A.C.C, Cookie Method has been modified and 
adapted to a micro technique (1) for the quality characterization of 
soft wheat varieties. Before adopting this micro procedure for ex- 


' Manuscript received September 30, 1949. oy = ag investigation between the Division of 
Cereal Crops and Diseases, Bureau of Plant Industry. ils, and Agricultural Engineering, Agricultura! 
Research Administration, U. S. Department of pow Fes and Department of Agronomy, Shio Agri- 
cultural Experiment Station. 

* Chemist, Assistant Chemist, and Senior Chemist (died January 17, 1949), respectively, Division 
of Cereal Crops and Diseases, Federal Soft Wheat Laboratory, Wooster, Ohio. t address of 
senior author is Hard Winter Wheat Quality Laboratory, Kansas Agricultural Experiment Station, 
Manhattan, Kansas. 
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tended routine use in the Soft Wheat Laboratory, however, it seemed 
desirable to study the effect of varying quantities of the ingredients 
most effective in altering cookie characteristics. This paper presents 
data showing the relation of varying quantities of each of the ingredi- 
ents sugar, shortening, and ammonium bicarbonate to spreading, 
thickness, and changes in top grain of sugar-snap cookies. 


Materials and Methods 


The flour referred to as “‘cookie standard” and used in studying the 
effect of varying quantities of sugar, shortening, and ammonium bi- 
carbonate on cookie properties was made up by compositing small 
quantities of flour milled on the Buhler experimental mill. It con- 
sisted of a composite of many samples of the better cookie baking 
varieties grown in 1944. Micro method I previously described in a 
companion paper (1) was used for baking cookies, except that shorten- 
ing content was varied from 25% to 35%, sugar from 50% to 80%, 
and ammonium bicarbonate from 0 to 3.75%. 

Six flours were used in studies on the response of typical wheat 
flours to varying quantities of ammonium bicarbonate. They were 
experimentally milled from six wheat varieties, each of which was a 
composite of grain grown at widely different locations in the eastern 
states in 1943 and 1944. The varieties consisted of four soft red 
winters, Thorne, Trumbull, Wabash, and Kawvale, the latter being 
generally considered of poor soft wheat quality; one soft white winter, 
American Banner; and one hard red winter, Purkof. Micro method I 
with the fixed sugar/shortening ratio of 60/30 was employed for baking 
cookies from these varieties. The amount of ammonium bicarbonate 
was varied from 0 to 3.75%. 

Baking was carried out at 400°F. for 9 to 10 minutes, depending on 
the amount of spreading. Diameter (D) was measured on all cookies. 
Thickness (T) and spread factor (D/T) were determined on all cookies 
excepting certain of them containing high sugar contents in combina- 
tion with high ammonium bicarbonate levels. Along the rims of these 
latter cookies there was usually a ridge that interfered with making 
thickness measurements. These cookies also became brittle shortly 
after cooling, and were not considered to be palatable. 


Results 


Effect of Varying Quantities of Sugar, Shortening, and Ammonium 
Bicarbonate. Cookie baking data obtained in the studies with varying 
amounts of sugar, shortening, and ammonium bicarbonate, using the 
cookie standard flour, are summarized in Table I and presented graphi- 
cally or photographically in Figs. 1 to 5. 
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3 Diam-| Thick- Diam-| Thick- Diam-| Thick- Diam-| Thick 
: NHdliCOs| eter | ness |D/T|) eter | ness | D/T || eter | ness | D/T || eter | ness | D/T 
(D) (T) (D) (T) (D) (T) D) (T) 
cm. | cm. | cm. cm. cm. cm. cm. cm, 
(or 55/30 60/25 60/30 
0.00 7.81) 1.00 7.8) 7.92, 0.96 | 8.3|| 8.18) 0.90; 9.2)| 8.14) 0.85 | 9.7 
0.25 7,34) .98| 8.01. 9.4)| 8.34) 9.7/| 8.35) .82 | 10.3 
0.75 8.05; 8.9 8.43) 81 | 10.5)| 8.67) 11.1]| 8.59) .77 | 11.2 
{ 1.25 8.42) .83 10.2); 8.85, .74 12.0) 9.13) .72 | 12.8), 8.94) .71 | 12.7 
i 1.75 8.79} .79/11.2)| 9.30) .68 | 13.7 9.74) 65 | 15.2]| 9.34) .67 | 14.1 
2.25 8.95) .80/11.3)) 9.56) .63 | 10.13) .58 17.7); 9.87) .58/ 17.3 
2.75 9.32; .74 9.96) .55 | 18.1|} 10.34) — —- || 10.12) .54 18.9 
3.25 | 9.76, .65 |15.1)| 10.08] 19.1]) 10.49 — | — |} 10.46 °53 | 20.0 
60/35 65/25 65/30 65/35 
0.00 8.39) 0.89 |10.7|| 8.27) 0.89 | 9.4)| 8.47) 0.79 | 10.8]| 8.46] 0.82 | 10.7 
0.25 8.69} .72/|12.2)| 844) 10.6)| 8.66) .76/ 11.4] 8.66) 11.5 
0.75 8.89} .70 12.8); 8.92) .72 | 12.6); 9.01) .66 13.7|| 8.83) 12.7 
1.25 | 9.28] .62/15.0)| 9.35} .63/ 14.9] 9.56) .57|17.1|| 9.24, .66| 14.1 
1.75 9. 57 |17.1)| 9.83) .56 | 17.6)) 9.96 .54 | 9.69) .58 | 16.8 
2.25 10.1 52 10.10 10.28, — | —- 10.04) .53 18.9 
2.75 10.17} .52 |19.5)) 10.41 10.64, — | — 110.29) — 
3.25 10.71) .52 | 20.6)| 10.62 10.72) —- 10.75; — - 
70/25 70/30 70/35 75/30" 80/30" 
0.00 8.53) 0.77 8.72 0.74 | 11.9) 8.71) 0.73 | 12.1]} 8.88 9.03 
0.25 |. 880 .71|12.4|| 8.78, .75 | 11.7|| 8.92) .65| 13.8]| 8.90 9.18 
0.75 | 9.46) 9.18 .65 | 14.2] 9.10) — | — || 9.34 9.62 
1.25 9.95) - 9.52 - - 9.50; — —- 9.85 10.29 
1.75 10.22; — 9.92; — | — 9.89} — | —- 10.21 10.60 
2.25 10.60 — 1} 10.39, — | — |} 10.20) — 10.67 
275 | — | — |—|} 1065s) — | — |] — | — | — | 10.86 
3.25 - | — 108i] — | — | — | — 109s 
' Ratio of sugar (%%) to shortening (%% ). 


EFFECT OF VARYING INGREDIENTS IN COOKIES _ Vol. 27 


TABLE I 


DtaMeter, THICKNESS, AND SpreAD Factor or Cookies BAKED wiTtH 
Varyinc SuGAR/SHORTENING Ratios at Eacu or SEVERAL 
AmMontiUM BICARBONATE LEVELS 


* Diameters only were recorded because of ridges on the rim of each cookie. 


The effects on cookie diameter of varying the shortening content 
at each of several ammonium bicarbonate levels are illustrated graphi- 
cally in Fig. 1. Each point in Fig. 1 is the average of the data for all 
three sugar levels (Table I). Ammonium bicarbonate produced j 
marked increases in cookie diameter whereas shortening had very little 1] 
effect. Certain properties of the top grain (Fig. 2), however, are 
influenced by the ratio of shortening to sugar. For example, 25% 
shortening with 60% sugar resulted in well-defined top grains with a 
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rather undesirably hard and lean appearance. Increasing the short- 
ening to 30% with 60% sugar resulted in cookies that had equally good 
top grains and were desirably softer and richer in appearance. When 
the shortening was increased to 35% with 60% sugar, dull and ex- 
tremely soft appearing cookies with inferior top grains were obtained. 
Thus with 60% sugar in the formula, 30% shortening was preferable. 

Increasing the sugar to 65% and 70% at the 25% shortening level 
resulted in top grains that were hard in appearance and more open 
than those with 60% sugar. These top grains for 65% and 70% 
sugar became closer and softer appearing, in general, as the shortening 
was increased. 


. © 25% SHORTENING 
» 30% 
o 35% 


COOKIE DIAMETER- cm 


iL i 


0.5 1.0 1.5 2.0 2.5 
AMMONIUM BICARBONATE- 


Fig. 1. Effect on cookie diameter of varying the shortening content from 25% 
to 35% at each of several ammonium bicarbonate levels. 


When increased diameter and openness of top grain accompanying 
increases of ammonium bicarbonate are taken into account, equally 
good cookies were obtained with 30% shortening for all three sugar 
levels; whereas, the general appearance of the cookies containing 25% 
shortening was short of that desired. These observations together 
with the unsatisfactory top grains for 35% shortening with 60% sugar, 
and the necessity of increasing the quantity of sugar to overcome these 
undesirable top grains are factors that determined the choice of 30% 
shortening in all subsequent studies. 

The effect on cookie diameter of varying quantities of ammonium 
bicarbonate and sugar in combination with a fixed shortening content 
of 30% is illustrated graphically in Fig. 3. Correlation coefficients 
and regression equations for the lines showing the relation between 
cookie diameter and quantity of ammonium bicarbonate within each 
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Fig. 3. Effect on cookie diameter of varying quantities of sugar and ammonium 


of seven sugar levels (50% to 80%) are given in Table I]. Within 
each sugar level, the response to ammonium bicarbonate was linear 
over the range 0% to 2.25%. The average slope for all regression 
lines indicates that each .5% increment of ammonium bicarbonate 
increased cookie diameter by 3.9 mm. 

As the concentration of sugar in the formula was increased from : 
50% to 80% within each ammonium bicarbonate level, cookie diameter 
increased. Referring to the cookie diameters calculated for a con- 


TABLE II 


CORRELATION COEFFICIENTS AND REGRESSION EQUATIONS FOR COOKIE 
DIAMETER AND AMMONIUM BICARBONATE CONTENT FOR EAcH 
oF Seven SuGar Levets at 30% SHORTENING 


Calculated diam- 
NH«HCOs Corr. coeff R i 
5 ; egression equation eter at 0.75% 
Sugar content ir) Y<« NHsHCOs 
(Y) 


% cm. 

50 6 0.992! 0.577X+7.715 8.15 
55 6 0.997 0.791X +7.843 8.44 
60 6 0.986 0.738X + 8.098 8.65 
65 6 0.994 0.852X + 8.446 9.08 
70 6 0.996 0.748X + 8.638 9.20 
75 6 0.992 0.838X +-8.777 9.41 
80 5 0.993 0.959X +8.973 9.69 


1 All correlation coefficients are significant beyond the 0.1% point. 


35 
| 
75 
70 
65 
* 60 al 
55 
Gz a 
Gf, , 50 
of? 
(%) 
x 
4 
ah 
ae 
aI 
« 2 


36 EFFECT OF VARYING INGREDIENTS IN COOKIES Vol. 27 


centration of .75% ammonium bicarbonate (Table 11), a 30% increase 
in sugar increases diameter by 15.4 mm. (96.9 mm minus 81.5 mm) 
and 1% results in an increase of 0.51 mm. Thus an increase of 7.6% 
sugar (3.9 + .51) in the formula produces as much spreading as a 
0.5% increment of ammonium bicarbonate. 


0.00 0.25 0.75 1.25 1.75 
Ammonium Bicarbonate—-% 


Fig. 4. Top grain aad relative diameter of representative cookies containing 
varying quantities of sugar and ammonium bicarbonate. 


The appearance of representative cookies containing varying quan- 
tities of sugar and ammonium bicarbonate is shown in Fig. 4. The 
effect of these two ingredients on top grain of cookies is of particular 
interest. The optimum top grains at or between the 1.25 and 1.75% 
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ammonium bicarbonate levels for the 55% sugar level are or would be 
(interpolating) slightly poorer than for higher sugar levels; and there 
is no satisfactory top grain for the 50% sugar level. These results sug- 
gest that 55% sugar is the minimum quantity that should be used in 
this cookie formula if satisfactory top grain is to be obtained. The 
cookie (Fig. 4) containing 60% sugar and 0.75% ammonium bicarbo- 
nate is one of the several examples of approximately optimum top grain. 
An optimum top grain for the 60% sugar level would be expected with 
about 1% ammonium bicarbonate. The cracks or valleys produced 
with 1.25% are considered to be too wide. 

As was true for diameter, the width of the cracks increases as am- 
monium bicarbonate increases within each sugar level, and as sugar 


00 05 10 15 20 25 


AMMONIUM BICARBONATE - % 


Fig. 5. Effect of hee ay quantities of ammonium bicarbonate 
on the cookie diameter of wheat varieties. 


content increases within each ammonium bicarbonate level. Thus, 
for the flour used in this phase of the work, a cookie with a diameter of 
about 8.8 cm. and a satisfactory top grain was produced with the 
formula containing 70% sugar and .25% ammonium bicarbonate (Figs. 
3and 4). Interpolating in Fig. 3, a cookie with the same diameter and 
equally good top grain also can be produced with 10% less sugar pro- 
viding the ammonium bicarbonate is increased to 1%. Similarly a 
cookie with a diameter of about 9 cm and a desirable top grain was 
produced with 80% sugar and no ammonium bicarbonate. A cookie 
of equal diameter and top grain also was produced with 15% less sugar 
when .75% ammonium bicarbonate was added. 

Response of Wheat Varieties to Varying Quantities of Ammonium 
Bicarbonate. Wheat flours from six varieties were baked into cookies 
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at each of several ammonium bicarbonate levels for the purpose (1) 
of testing further the formula containing 60% sugar and 30% shorten- 
ing, (2) of establishing the most satisfactory level of ammonium bi- 
carbonate to use in the baking formula, and (3) of determining whether 
there are varietal differences in ammonium bicarbonate requirement. 


TABLE Ill 
DIAMETER AND THickNness or Cookies Bakep Stx WHEAT VARIETIES 


AT Eacnu or Severs AmMMontuM Bicarsonate Levers ToGETHER 
tHe PH or Eacu Cooxre DovuGcu 


Diameter Thickness pH || Diameter Thickness 


om. cm. cm. cm. 
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These studies were concerned with the characterization and evaluation 
of flours recognized as having markedly different properties that make 
them of variable value for the production of soft wheat bakery pro- 
ducts. The results are summarized in Table III and presented 
graphically or photographically in Figs. 5, 6, and 7. Correlation 
coefficients and regression equations for the lines showing the relation 
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between cookie diameter and ammonium bicarbonate with each of the 
six varieties are given in Table IV. 

Data in Fig. 5 and correlation coefficients in Table IV show that 
cookie diameter within a variety is a linear function of the quantity of 
ammonium bicarbonate used. These data and conclusions are in 
agreement with those obtained for the ‘“‘cookie standard” flour. For 
spread factor the relationship is curvilinear (Fig. 6), the result of 
dividing an increasing number by one that is decreasing. These data 
indicate that in the routine characterization and evaluation of experi- 
mental and commercial varieties of wheat, the concentration of am- 
monium bicarbonate used in the formula is not critical. It was ob- 
served, however, that contraction during cooling of the cookies con- 
taining the higher bicarbonate concentrations was not as consistent as 
for the lower concentrations, thereby causing surface irregularities 
that introduced errors in measuring thickness. 


TABLE IV 


Correcation COEFFICIENTS AND REGRESSION EQUATIONS FoR COOKIE 
DIAMETER AND AMMONIUM BICARBONATE CONTENT FOR 
Eacu or Six VARIETIES OF WHEAT 


NH«HCOn Calculated diam- 
(nm) 1 
(Y) 


Wabash 6 0.990! 0.772X +8.246 

Thorne 6 0.989 0.771X +8.163 8.74 
Am, Banner 6 0.998 0.781X +8.103 8.69 
Trumbull 6 0.999 0.720X + 8.100 8.64 
Kawvale 6 0.995 0.706X +7.714 8.24 
Purkof 6 0.996 0.688X +7.517 8.03 


' All correlation coefficients are significant beyond the 0.1°% point. 


The extent to which the six varieties differ as to the quantity of 
ammonium bicarbonate required to produce cookies of equal diameter 
or spread factor is strikingly illustrated in Figs. 5 and 6. For example 
in Fig. 5, a rule placed horizontally across the regression lines at a 
diameter of 9 cm. indicates that Wabash requires slightly more than 
0.75%, Thorne and American Banner slightly more than 1%, Trum- 
bull about 1.25%, Kawvale about 1.75%, and Purkof somewhat more 
than 2% ammonium bicarbonate to produce a cookie with a diameter 
of 9cm. The quantities of ammonium bicarbonate required to pro- 
duce equally good top grains for all six varieties (Fig. 7) are in very 
close agreement with those required to give a diameter of 9 cm. (Fig. 
Sand Table III). Thus Purkof required about 170% more ammonium 
bicarbonate than did Wabash to produce a cookie of equal diameter 
and top grain. 
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Effect of Ammonium Bicarbonate Concentration on Dough pH. In 
order to determine whether there was a close relationship between the 
quantity of ammonium bicarbonate in the formula and the reaction of 
the cookie dough, the pH of each dough in the experiment discussed 
above was measured as it came out of the mixer. The results are 
summarized in Table III. These data show that doughs without 
ammonium bicarbonate have a pH of about 7.3; increasing quantities 
of bicarbonate gradually increase the pH, until with 2.25% ammonium 
bicarbonate, a pH of about 7.9 is reached. Further additions of the 
base, however, have no effect on the reaction. Thus the greater 
capacity of some varieties to spread with a fixed quantity of ammonium 
bicarbonate and the differences in bicarbonate requirement between 
varieties do not appear to be attributable to a pH effect. 


Discussion 


It appears that within reasonable limits, the proportions of sugar, 
shortening and ammonium bicarbonate are not critical in a cookie test 
baking formula from the standpoint of characterizing and differentiat- 
ing varieties. The important consideration is to choose a formula 
which will produce normal, well-shaped cookies from flours represent- 
ing a wide range of quality. Such a formula should produce cookies 
having large diameters, flat tops, and well developed cracks with flours 


from soft varieties, and cookies having much smaller diameters and a 
minimum of top grain from semihard to hard varieties. A formula 
containing 60% sugar, 30% shortening and 0.75% ammonium bi- 
carbonate met these requirements with the flours tested. 

Desirable diameters and top grains were obtained from flours gen- 
erally considered to be of poor cookie quality (Purkof and Kawvale) 
by increasing the ammonium bicarbonate in the formula. Equal 
diameters and as good or better top grains were produced from flours 
generally considered of good cookie quality with less sugar and the 
same concentration of ammonium bicarbonate required by flours of 
poor and medium cookie quality. 
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MICRO VERSUS MACRO COOKIE BAKING PROCEDURES 
FOR EVALUATING THE COOKIE QUALITY 
OF WHEAT VARIETIES ' 


K. F. Fryney, V. H. Morris, and W. T. Yamazaki? 


ABSTRACT 


Cookie baking equipment and techniques suitable for evaluating the 
quality of 40 g. of flour are described. Cookie baking data for the ‘Tenta- 
tive A.A.C.C." macro cookie test and three micro procedures indicate that 
all four methods are equally satisfactory for evaluating the cookie baking 
potentialities of wheat flours. With respect to the saving of time and 
ingredients, however, the micro procedures are markedly superior to the 
macro test from which they were derived. There is considerable latitude 
with respect to the type of mixing equipment that may be used for the prep- 
aration of cookie doughs, providing the mixing of the flour with the other 
creamed ingredients is held to a minimum. 


The cookie baking formula and procedure originally proposed by 
Alexander (1) was modified by the 1941-42 Biscuit and Cracker Flours 
Committee (3) and recommended for the evaluation of soft wheat 
flours. This and other collaborative studies have resulted in a recom- 
mended formula and procedure called the ‘Tentative Cookie Method.” 
The use of this test, however, in the quality research and variety char- 
acterization program of the Federal Soft Wheat Laboratory has been 
limited because of the relatively large quantity of flour required. 
Accordingly, it has been modified * and adapted to micro techniques 
for evaluating the cookie quality of small lots of flour obtained from 
strains developed in the wheat breeding programs. This paper de- 
scribes the equipment and techniques of these micro procedures, and 
compares them to the A.A.C.C. tentative procedure for evaluating 
typical varieties recognized for their divergent potentialities as cookie 
flours. 


Materials and Methods 


The flours used were experimentally milled on the Buhler mill from 
twelve named varieties of wheat, each of which was a composite of 


' Manuscript received September 30, 1949. Cospeative investigation between the Division of 
Cereal Crops and Diseases, pare of Plant Industry ls, and Agricultural Engineering, A ultural 
Research Administration, U. S. Department of pn Ad and Department of Agronomy, Ohio Agri- 
=r Experiment Station. 

Chemist, Senior Chemist (died January 17, 1949), and Assistant Chemist, res; ively, Division 
of Cereal Crops and Diseases, Federal Soft Wheat Laboratory, Wooster, Ohio. esent address of 
senior author is Hard Winter Wheat Quality Laboratory, Kansas Agricultural Experiment Station, 


companion —- ~~ “Effects of varying quantities of sugar, shorten’ and ammonium 
wet. on the spreading and top grain of sugar-snap cookies." on 
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grain grown in the eastern uniform nurseries‘ at eight stations in 1945. 
Two other flour composites were included, namely (1) a composite of 
all the variety composites and (2) a blend of flour from several good 
quality soft wheat varieties referred to as “‘cookie standard.’’ Pro- 
tein, ash, and cookie dough absorption of each flour is given in Table I. 

The formula and quantity of each ingredient used in the ‘‘Tentative 
A.A.C.C.” macro test and the three micro procedures are given in 
Table II. 

For the Tentative A.A.C.C. macro procedure, nonfat milk solids 
were added as a 20% suspension, 33.75 ml. of which contained 6.75 ¢. 
of solids. When nonfat milk solids were added as a suspension in any 


TABLE I 


Proremn, AsH, AND Cookiz DouGH ABsorRPTION oF 14 
FLours THAT Were BAKED 1nTO Cookies! 


Cookie standard 
Clarkan 
Minturki 
Kawvale 
Kharkof 
American Banner 
Trumbull 
Purkof 

Fairfield 

Wabask 
Blackhawk 

H. Kawvale 
Thorne 
Composite 


OMRON 


14% moisture basis. 


of the micro procedures, 6 ml. cortaining 1.2 g. of solids were used. 
Whipping 120 g. of nonfat milk solids into 528 ml. of water gave 600 
ml. of the 20% suspension. Foam was removed by the vacuum pump 
method. 

A Hobart mixer (Model C-10 equipped with a cake paddle and a 
3-quart bowl) was used for all creaming and mixing operations in the 
tentative A.A.C.C. macro procedure. The Hobart mixer also was 
used in the micro procedures for preparing in one operation all of the 
first stage of creamed material required for one day of baking. The 
remaining creaming and mixing involved in the micro methods was 
carried out in a National-Swanson-Working nonrecording micromixer 
modified to give a head speed of 178 rpm, and to use a flanged and 
deeper bow! with a capacity of 25 g. to 50 g. of flour (Fig. 1). 


4 The grain for these studies was obtained from 
State agricultural experiment stations in the Eastern United Sta 
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Fig. 1. Mixer, tray, rolling pin, and cutter used with the micro cookie procedures. 


The cookie cutter was made from stainless steel tubing having an 
inside diameter of 2 13/32 inches and thickness of 3/64 inch (18 gauge), 


was 1)% inches in height, and was tapered from the outside inward on 
one end to give a sharp and rigid cutting edge. The trays were sheet 
aluminum 13 inches X 10 inches X .094 inch thick with riders .275 
inch high and .5 inch wide running lengthwise along both sides and 
attached with brass screws which were countersunk on the bottom side 
of the tray. The pieces of equipment that were modified or con- 


TABLE II 


ForRMULAE FOR THE A.A.C.C. MACRO AND THE THREE 
Micro Cookie BAKING PROCEDURES 


Cookie method | 
Ingredient | Flour basis 


4.A.C.C. macro Micro I II and III 


Sugar 

Shortening ' 

NaHCO, 

NH,HCO, 

Nonfat milk solids 

NaCl 

Water optimum optimum 

Flour? 225.00 40.00 100.00 


' Hydrogenated vegetable shortening especially prepared tor biscuit and cracker manufacturing 
14% moisture. 
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structed especially for the micro cookie procedures are shown photo- 
graphically in Fig. 1. 

Diameter (D) and thickness (T) were measured in millimeters and 
D/T was calculated for all cookies. Using a series of especially pre- 
pared cookies as reference standards, top grain was scored on the basis 
of 0 for a compact, hard-appearing cookie with no breaks, to 5 for a 
well-broken top containing numerous small “islands” characteristic 
of cookies baked from good quality cookie flours. 

Macro Method. The tentative A.A.C.C. formula was modified 
slightly to conform with that used in the micro procedures, but in other 
respects the “macro” test as used in this study corresponds closely in 
important details to the Tentative A.A.C.C. test. 

Sugar, shortening, and sodium bicarbonate were creamed for three 
minutes in a Hobart mixer on second speed, cutting down after each 
minute. Sodium chloride and ammonium bicarbonate were dissolved 
in the milk suspension and water in a 100 ml. beaker, after which the 
contents were added to the creamed mixture during mixing at low 
speed for one minute. Flour was incorporated by mixing for two 
minutes at low speed. After mixing, the dough was removed from the 
bowl with a spatula, care being taken to handle and compress the 
dough as little as possible. Doughs were spaced on trays, rolled 
once, and cut. That outside the stainless steel cutter was removed 
with a spatula before raising the cutter. Baking was carried out 
immediately for 10 minutes at 400°F. in a reel type oven. 

Micro Method I. The first micro modification of the macro pro- 
cedure involved the preparation of a sufficient quantity of sugar- 
shortening-sodium bicarbonate mixture for one day of baking by 
creaming 900 g. sugar, 450 g. shortening, and 15 g. sodium bicarbonate 
in the Hobart mixer for 4 minutes at high speed, scraping down at each 
half-minute interval. This creamed mass was sufficient for 37 weigh- 
ings of 36.4 g. each on small squares of waxed paper. 

Each cookie dough was prepared as follows: one 36.4 g. portion of 
the creamed mass of sugar, shortening, and sodium bicarbonate was 
transferred by means of a spatula to the micromixer bowl. The de- 
sired quantity of ammonium bicarbonate (.3 g.) was dissolved in 6 ml. 
of the milk suspension in a 10 ml. beaker, after which the contents were 
added to the bowl. The beaker was rinsed first with 2 ml. of sodium 
chloride solution containing 0.4 g. of salt and finally with 1.8 ml. to 
3.3 ml. of water, depending on the requirement of the flour being tested. 
After creaming these liquids containing nonfat milk solids and sodium 
chloride for three minutes with the sugar-shortening-sodium bicarbon- 
ate creamed mixture, the flour was cut in with a spatula and then 
mixed for 10, 5, 5, and 5 seconds. The dough was dislodged with a 
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spatula from the bottom and sides of the bowl after each interval. 
After mixing, the dough was removed from the bowl and divided into 
two approximately equal parts with the aid of a spatula, care being 
taken to handle and compress the dough as little as possible. After 
spacing on a tray, the two doughs were rolled once with a wooden rolling 
pin and cut with a stainless steel cutter, dough outside the cutter being 
removed with a spatula before raising the cutter. Baking was carried 
out immediately for 10 minutes at 400°F. in a reel type oven. 

Micro Method II. The second micro method differed from the 
first in that 15 g. of finely granulated sodium chloride and 45 g. of 
powered nonfat milk solids were creamed with the sugar, shortening, 


TABLE Ill 


Properties or Cooxirs BAKED From 14 WHEAT VARIETIES 
BY A MAcro AND THree Micro PrRocepuREs 
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Diam-| Thick-| pyr | Top |] Diam- | Thick-| pyr | Top 


| 


MACRO METHOD i MICRO METHOD I 


| 


S 


0:00 
GEASSERZ 


Standard 12.13 
Blackhawk 

Wabash 

Harvest Queen X Kawvale 
Fairfield 

Thorne 

American Banner 

Kawv: 

Clarka 

Composite 

Minturki 

Trumbull 

Kharkof 

Purkof 


a ~~ 

un wn 

9° 90 Ge Ge Ge Ge Ge Ge 
man 


be is iv io “ue 


in Oo 

ua 


MICRO METHOD 


wn 


Standard 0.76 
Blackhawk 82 
Wabash J 
Harvest Queen X Kawvale 
Fairfield 

Thorne 

American Banner 

Kawvale 

Clarkan 

Composite 

Minturki 


an 


90 90 9° Ge 90 Ge Ge Ge 
a wn 
9° 90 G0 Ge 90 90 Ge Ge Ge 
mw 


83 
84 
86 
86 
87 
87 
89 
87 
89 
93 
97 
1.02 


| 
ie 
| MICRO METHOD II 
Trumbull 
Kharkof 
Purkof 
i 


Jan, 1990 K. F. FINNEY, V. H. MORRIS, AND W. T. YAMAZAKI 47 


f 
Micro< —> 
Kawvale Kharkof Minturki Std. 
Fig. 2a. Top grains and relative diameters for cookies baked from six pure varieties and a 
composite cookie standard by a macro and 3 micro ures. 


Thorne Composite 


Fig. 2b. Top grains and relative diameters for cookies baked from six pure varieties 
and a composite by a macro and three micro procedures. 


and sodium bicarbonate. A 38 g. weighing of this creamed mixture 
was creamed for three minutes with 9 to 10.5 ml. of water in which the 
.3 g. of ammonium bicarbonate was dissolved. The remaining pro- 
cedures were carried out as described for Micro Method I. 

Micro Method III. The third micro method differed from the 
second in the manner of adding the ammonium bicarbonate and 
sodium chloride. Since small quantities of ammonium bicarbonate 
affect cookie spreading (2), and ammonium bicarbonate in the form of 
dry salt or in solution decomposes appreciably at room temperature, 
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the ammonium and bicarbonate ions were added as two separate solu- 
tions. Solution A contained 127.68 g. sodium bicarbonate in 2000 ml. 
Solution B contained 135.53 g. ammonium chloride and 118.47 g. 
sodium chloride in 2000 ml. Five ml. solution A plus 3 ml. solution B 
furnished .3 g. ammonium bicarbonate and .4 g. sodium chloride. 
Sugar 900 g., shortening 450 g., sodium bicarbonate 15 g. and non- 
fat milk solids 45 g. were creamed together in a Hobart mixer as de- 


MACRO 
9.00 A o MICRO METHOD I 
MICRO METHOD ID 
MICRO METHOD II 
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VARIETY 


Relative ranking according to cookie diameter of 12 pure varieties 
and two composites by a macro and three micro procedures. 
scribed for Micro Method I. A 37.6. portion of this creamed mixture 
was creamed with 5 ml. solution A, 3 ml. solution B, and .8 to 2.3 ml. 
water in the micro mixer for three minutes at 178 rpm. Solutions A 
and B were dispensed from automatic pipettes and the water from a 
burette. The remaining procedures were as described for Micro 
Method I. 


Fig. 3. 


Results 


Cookie diameter (D), thickness (T), and spread factor (D/T) 
obtained for each of the 14 flours by the four cookie baking methods 
are summarized in Table III. 
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Representative cookies are reproduced photographically in Fig. 2 
(aand b). The relative ranking of the 12 pure varieties and two com- 
posites by the four methods according to diameter are shown graphi- 
cally in Fig. 3. Diameter instead of D/T was plotted against variety 
because data obtained in the laboratory indicated a comparatively 
large variability in thickness measurements for replicate cookie bakes 
which checked closely in diameter. Since D/T values are a function 
of thickness as well as diameter, it was believed that a more accurate 
and reproducible characterization of cookies could be obtained by 
using diameter alone. 

The data show that the micro methods agree closely with the macro 
procedure in ranking the varieties. Micro Method III, now used in 
routine baking by the Federal Soft Wheat Laboratory, appears to agree 
somewhat more closely with the macro method than the other two 
micro methods in ranking the varieties. It may be noted that al- 
though the cookies baked by the macro method generaly spread some- 
what more than those baked by micro procedures, the latter neverthe- 
less showed a greater range in cookie diameters. 

These results indicate that there is considerable flexibility in the 
way in which cookie doughs may be mixed without appreciably affect- 
ing either the rank of or spread between varieties. Furthermore, it 
appears to make little difference in variety evaluation work whether 
the flour is mixed in at low speed with a cake paddle or at high speed 
with pins in the planetaries and bowl, as for bread doughs, as long as 
the total amount of mixing action is kept at a minimum. 
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THE NUTRITIONAL VALUE OF WHITE BREAD 
CONTAINING NONVIABLE DRIED YEAST’ 


R. D. Seevey, H. F. Zrecier, Jr., and R. J. SUMNER? 


ABSTRACT 


The nutritive value of white breads containing 1 to 3% dried, non- 
viable, debittered, brewers’ yeast and nonfat milk solids was studied in 
feeding tests for growth on weanling rats. Baked bread was the only 
ingredient in the diets except for a fat-soluble vitamin supplement. Bio- 
logical values were determined for some of the breads at the 10% protein 
level in rations supplemented with a salt and vitamin mixture. The feeding 
to weanling rats of white breads containing 1 and 3% dried yeast produced, 

respectively, increases in the daily weight gain of 0.34 g. and 0.66 g. above 
the gain produced with basic formula white bread. The weight gain of the 
rats receiving the white bread without dried yeast was 0.55 g. perday. The 
food utilization of the breads baked with 1 and 3% dried yeast was in- 
creased from 9.2 g. gain per 100 g. food intake for white bread without yeast 
to 12.3 and 14.7 g. gain, respectively. Similar increases were observed 
when white breads containing 1 and 3% nonfat milk solids plus dried yeast 
: were fed to growing rats. Under the experimental conditions employed, 

dried yeast was a better supplement than nonfat milk solids since breads 
containing either 1% dried yeast or 3% nonfat m‘ic solids were approxi- 
: mately equal in promoting growth of weanling rats when fed as the only 
source of food. However, the largest weight gains were observed when the 
bread contained both nonfat milk solids and dried yeast. 

The inclusion of dried yeast in white bread did not produce any marked 
increase in the biological value of the bread proteins as measured by a 
nitrogen balance method. The small increases in the protein content of the 
breads containing dried yeast, and perhaps known or unknown members of 
the B complex in the yeast, appear to play a role in producing the increased 
growth response in rats. 


The relatively low nutritive value of patent white flour or bread 
made with patent white flour as compared to whole wheat flour has 
been demonstrated by many investigators (5, 10, 15, 16) and has been 
attributed primarily to a loss in vitamins and to a lower biological 
value of the protein in the flour. Riggs et al. (17) observed that the 
“enrichment” of white flour in bread causes only a slight improvement 
in the growth response of rats. Westerman and Hall (23) found that 
the addition of calcium pantothenate and pyridoxine increases the 
growth of rats on an “enriched” white flour diet. Mitchell and 
Block (14) state that the limiting essential amino acid of white flour is 


' Manuscript received August 12, 1949, 
* Research Division, Anheuser-Busch, Inc., St. Louis, Missouri. 
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lysine. Valine has also been reported as a limiting essential amino 
acid (12). Light and Frey (12) report that the supplementary value 
of nonfat milk solids and nonviable dried yeast to white bread is 
primarily due to this lysine content. Sure (19, 20, 21), in an extensive 
series of studies on the supplementation of cereal grains, observed 
that rats fed ‘‘enriched"’ white flour supplemented with 1 to 5% non- 
viable dried yeast exhibited large increases in weight gain and food 
utilization as compared to those fed unsupplemented “enriched”’ 
white flour. These increases were not entirely accounted for by the 
lysine content of the yeast. The diets employed by Sure contained 
adequate amounts of eight crystalline B-vitamins. However, the 
supplementary value of dried yeast for white flour was not determined 
in the presence of nonfat milk solids or in baked bread. 

The following study was undertaken to determine the nutritive 
value of white breads containing 1 and 3% nonviable, dried, debittered 
brewers’ yeast, as measured by rat growth when the breads were the 
sole ingredient in the diet except for a fat-soluble vitamin supplement. 
As most bread in this country is baked with nonfat milk solids, the 
growth response of rats fed bread containing dried yeast was studied 
in the presence and absence of this ingredient. Biological values 
measured by the nitrogen balance method in growing rats were con- 
ducted to determine the effect of these ingredients on the utilization 
of the protein of white bread. 


Materials and Methods 


The bread used in these experiments was made by the sponge 
dough process, using 72% extraction flour according to the basic bread 
formula given in Table I. The dried yeast and nonfat milk solids * 


TABLE I 
Basic Breap FoRMULA 


Ingredient 


Flour 

Water 

Sugar 

Salt 

Hydrogenated Shortening 
Baker's Compressed Yeast 
Mineral Yeast Food 
Diastatic Dri-Malt 


were added at the dough stage, the percentages shown being based on 
the flour content. The dried yeast employed in these studies was a 
nonviable, debittered, brewers’ yeast. The bread was sliced, air- 


+ Spray-dried, nonfat milk solids from the Pevely Dairy Co., St. Louis, Missouri. 
* Strain K, Anheuser-Busch, Inc., St. Louis, Missouri. 
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dried, and ground before being fed to the animals. Groups of eight 
weanling rats (4 males and 4 females) weighing between 45 and 55 g. 
were fed the various breads as the only ingredient in the diets, ad 
libitum, except for a fat-soluble vitamin supplement, for a 10-week 
growth period. Each rat received 800 units of vitamin A, 160 units 
of vitamin D, and 6 mg. of alpha-tocopherol per week. Weight gains 
and food consumption were recorded weekly. 

Biological values were determined at the 10% protein level on some 
of the breads fed to growing rats, using the nitrogen balance technique 
of Mitchell (13). The diets and vitamin supplements used are 
recorded in Table II. Nitrogen content of the urine and feces was 
determined by a micro-Kjeldahl method. 

i The breads were analyzed for thiamin by the method of Hennessy 
and Cerecedo (8), for riboflavin by the method of Tobin and Rehm (22), 


TABLE II 
Breap Diets ror BioLoGcicaL VALUE DETERMINATIONS * 


White Bread (Dried) 81. 


1.2 

Sucrose 3.8 

Salt Mixture ** 4.0 

Cellu Flour 2.0 

i Crisco 9.0 
100.0 


* The following crystalline vitamins were added per 1,000 g. of diet: 5 mg. thiamin hydrochloride, 
10 mg. ribotlavin, 5 mg. pyridoxine hydrochloride, 50 mg. calcium pantothenate, 20 mg. niacin, 1,000 
mg. choline chloride, 400 mg. inositol, and 50 mg. p-amino benzoic acid. 

** Wesson's modified Osborne-Mendel salt mixture. 


for niacin by the microbiological technique of Landy and Dicken (11), 
for pantothenic acid by the method of Strong, Feeney and Earle (18), 
and for pyridoxine by the procedure of Atkin, Schultz, Williams, and 
Frey (1). Total nitrogen, ash, moisture, calcium and phosphorus 
were also determined on the air-dried bread. 


Results 


The growth response of weanling rats fed “enriched’’ white bread 
and breads baked with and without 1 and 3% nonviable, debittered, 


brewers’ yeast and/or 1 and 3% nonfat milk solids is shown in Fig. 1. 
Over a ten-week period the rats on basic-formula white bread (curve 


with open squares) gained only 40 grams. Small increases in growth 
response were produced by “enriched” ® white bread and the addition 
of 1% milk solids. One per cent dried yeast in white bread produced 
a weight gain of 68 g. over ten weeks, which was slightly greater than 
the weight gain of rats fed bread containing 3% of nonfat milk solids. 


* Enriched with thiamin, riboflavin, niacin, and iron in accordance with flour standards (6). 
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Bread containing 3% dried yeast caused a weight gain of 92 g. over a 
ten-week period. The addition of dried yeast to white breads con- 
taining 1 and 3% of nonfat milk solids produced significantly greater 
weight gains in rats than bread containing only nonfat milk solids. 
The greatest growth (110 g.) was produced by bread containing 3% 
nonfat milk solids and 3% nonviable, debittered brewers’ yeast (curve 
with open circles). 


WHITE BREAD, 3% MILK SOLOS (NF) 


MILK SOLIDS (NF) 
. 


+ ENRICHED 


IN| GMS. 


GAIN 


WEIGHT 


WEEKS 


Fic. 1. The growth response of weanling rats fed, ad libitum, various breads. 


The feeding of white breads containing nonfat milk solids and 
dried yeast results not only in increased weight gains as compared to 
those obtained with basic-formula white bread, but also in increased 
food consumption and food utilization. The food intakes, weight 
gains and food utilizations are recorded in Tables II] and IV. These 
data were calculated for the usual six-week period. The food utiliza- 
tion of the various breads was not significantly different after a ten- 
week period. 
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TABLE III 


Tue Foon Consumption, Weicat Gain AND Foop UTILIZATION 
or Various Breaps Fep to Rats 


Food utilization 
Gain in} Increase* 
Food 
y | im body 
Type of bread weight | weight | G. gain per ses 
g./day % 100 g. bread 
intake 


White Bread 5.99 | 0.55 9.2+0.6** 

White Bread “Enriched” 6.56 | 0.72 31 | 11.0+0.7 20 
White Bread +1% Nonfat Milk Solids | 6.40 | 0.72 31} 11.240.7 22 
White Bread +3% Nonfat Milk Solids | 6.79 | 0.84 53 | 12.4+0.6 35 
White Bread +1% Dried Yeast 7.28 | 0.89 62 |12.2+0.5 33 
White Bread +3% Dried Yeast 8.22 | 1.21 120 | 14.7+0.8 60 


* Compared to Unsupplemented White Bread. 
** Mean deviation of the mean = 
\ 


The food consumption of the basic-formula white bread was 5.99 g. 
per day, which resulted in a weight gain of 0.55 g. per day and a food 
utilization of 9.2 g. gain per 100 g. food intake. The rats fed “‘en- 
riched” bread exhibited a daily weight gain of 0.72 g. and a food 
utilization of 11.0 g. White bread containing 1% nonfat milk solids 
produced the same results. The weight gain and food utilization of 
rats fed white bread containing 3% nonfat milk solids and white bread 
baked with 1% dried yeast were approximately equal. The weight 
gain and food utilization cf rats fed white bread with 1% dried yeast 
were increased 0.34 and 3.0 g. per day, respectively, above the results 
with basic-formula white bread. The protein contents of the bread 
containing 3% nonfat milk solids and of the bread containing 1% dried 


TABLE IV 


Tue Foop Consumption, Weicut Garin, AND Foop UTILIZATION 
or Various Breaps Fep to Rats 


Gain in} Increase* 

Food 

, body | in body 

Type of bread intake | he | weight > 
G. gain per 

&. ‘day g./day % 100 g. bread Increase 

intake 


Food utilization 


White Bread +3% Nonfat MitkSolids | 6.79 |0.84| — |124406%) — 
White Bread+3% Nonfat Milk Solids 

1% Dried Yeast 814/124) 48 {15.2402 | 23 
White Bread +3% Nonfat Milk Solids 

3% Dried Yeast 8.70 | 1.64 95 18.9+0.4 52 
White Bread +1 Nonfat Milk Solids 

3% Dried Yeast 8.101 1.36] 62 |168405 | 35 


* Compared to 3% Nonfat Milk Solids Bread. 


** Mean deviation of the mean =4/ 
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yeast (Table V1) were almost identical (12.7 and 12.8%, respectively). 
The bread containing 3% dried yeast produced a still larger weight 
gain (1.21 g./day) and food utilization (14.7 g. gain per 100 g. of food 
intake). These data demonstrate that when white bread is fed, ad 
libitum, as the sole food source to the weanling rat on an equal per- 
centage basis, the addition of dried ‘yeast is more efficient for growth 
than nonfat milk solids. 

As most commercial bread in the United States contains milk solids, 
the value of adding dried yeast to such bread was determined. The 
inclusion of 3% nonfat milk solids in bread is a “representative” 
figure for this ingredient in commercial bread baking. These data 
are recorded in Table 1V. The addition of 3% nonviable, debittered, 
dried brewers’ yeast to bread containing 3% of nonfat milk solids 
produced a significant increase in food consumption of 1.91 g. per day 
and an increase in weight gain of 0.80 g. per day. Food utilization 


TABLE V 
BIOLOGICAL VALUES AND DIGESTIBILITIES OF VARIOUS BREADS 


Type of bread Biological value Digestibility 


White Bread §1.741.3* 92.0+0.2* 
White Bread+3% Nonfat Milk Solids §4.141.5 91.9+0.7 
White Bread +3% Dried Yeast §1.8+41.5 90.6+0.5 


1% Dried Yeast §1.641.5 89.5+0.5 
White Bread+3% Nonfat Milk Solids 

% Dried Yeast §2.341.1 88.1+0.5 

White Bread +1% Nonfat Milk Solids 

3% Dried Yeast 51.742.0 91.2+0.9 

Lactalbumin 84.2+1.1 974+0.5 


White sass Nonfat Milk Solids 


* Mean deviation of the mean =« “Vaan 


was raised to the extent of 6.5 g. gain per 100 g. of food intake. Similar 
increases in nutritive value were produced with the other combinations 
of dried yeast and nonfat milk solids in white bread. 

The value of dried yeast as an additive to bread has been attributed 
largely to its lysine content. Biological values of some of the breads 
used in the growth studies were determined in growing rats, using the 
nitrogen balance method. The rations were compounded so as to 
contain 10% protein supplied by the bread. The results are given in 
Table V. Although the biological values and digestibility are dis- 
cussed as protein utilization, the nitrogen balance method actually 
measures nitrogen utilization which is assumed to be related directly 
to the protein utilization. 

The addition of 3% of nonfat milk solids and 3% of dried yeast 
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either alone or in combination did not produce any marked increase in 
the biological value of the proteins of the baked bread. The largest 
biological value of 54.1% for bread containing 3% of nonfat milk 
solids was not significantly greater (P = 0.25) * than that for the white 
bread. For the number of animals used in these determinations, an 
increase of 4 in biological value would have to be obtained to be 
statistically significant (P = 0.05). Larger numbers of animals would 
be required to determine smaller differences in biological values of 
these breads. The average biological value of 51.7% for white bread 
made with flour of 72% extraction compares well with the value of 


TABLE VI 
COMPOSITION OF BREADS 


Panto- 

Mc Total | Cal- | Phos- Thi- | Ribo- : Pyri- 
Type of bread Come ovat | cat phorus amine flavin écaine 

% % %o % © | | vig. | | 

White Bread 7.91 | 12.0 | 0.10 0.12 | 2.55 0.9 | 1.1 | 124 | 5.2 | 0.6 

White Bread 

“Enriched” 7.91 | 12.3 | 0.10) 0.12 | 2.54) 3.9 | 2.6 | 35.8 323) $3 


White Bread 
+1% Milk Solids* | 7.78 | 12.6 | 0.14) 0.13 | 2.61) 1.1 1.1 | 12.7 | 5.5 | 1.0 
White Bread 


+3% Milk Solids* | 7.81 | 12.7 | 0.15) 0.14 | 2.72) 1.1) 1.5 11.0 4.6 1.1 
White Bread 
+1% Dried Yeast | 7.90; 12.8 | 0.10) 0.14 | 2.61) 2.2 | 1.1 | 19.9 | 6.3 | 1.2 


White Bread 
+3% Dried Yeast | 8.01| 13.4 | 0.09) 0.17 | 2.69) 4.1 | 2.2 | 25.6! 7.0 | 2.1 
White Bread | 
+3% Milk Solids* 
1% Dried Yeast | 8.43| 13.3 | 0.17| 0.16 | 2.68) 2.0 | 1.3} 19.8| 5.5 | 0.9 
White Bread 
+3% Milk Solids* 
39% Dried Yeast | 8.03| 13.9 | 0.18] 0,18 | 2.82 3.5 | 24 | 22.7! 65 | 2.1 
White Bread 
+1% Milk Solids* 
3% Dried Yeast | 7.93| 13.8 | 0.12) 0.17 | 2.54] 3.9 | 1.7 | 26.4| 6.4 | 16 


* Nonfat Milk Solids. 


51.2% reported by Henry and Kon (4) for white bread made with flour 
of 70% extraction. 

The digestibility of the protein of the white bread was decreased 
slightly by the addition of 3% dried yeast. The lowest digestibility 
of the protein of the breads studied was 88.1% for white bread con- 
taining 3% each of dried yeast and nonfat milk solids. The digesti- 
bility of the protein of the white bread made by the basic formula was 
92.0%. 

The increase in food utilization observed in the growing rats with 
dried yeast does not seem to be largely the result of amino acid supple- 


* Calculated by Fisher “‘t’’ values (7). 


q 
| 
| 
| 
j 
te 
| 
| q 
| 


Jan. 1950 R. D. SEELEY, H. F. ZIEGLER, JR., R. J. SUMNER 57 


mentation. As these determinations were conducted on diets of equal 
protein content containing eight crystalline B-vitamins plus 2% of a 
salt mixture, the biological values represent protein utilization per se. 
It may be possible that when the breads are fed as the sole food source 
in the diet of the growing rat, the B-vitamins and other essential 
substances in the ration may not produce the same protein utilization 
as they do when measured under the conditions of the biological value 
determination. 

The chemical analyses of the breads for moisture, protein, mineral 
elements, and B-vitamins, as air-dried for the nutritional studies, are 
recorded in Table VI. The addition of nonfat milk solids and dried 
yeast produced increases in the protein content of about 1 to 2% on 
the air-dry basis of approximately 8% moisture. The addition of 
nonfat milk solids increased the calcium content, as would be expected. 
Yeast did not affect the calcium content, but produced small increases 
in the amount of phosphorus. 

Except for a slight increase of thiamin in the 3% dried yeast bread, 
the levels of thiamin, riboflavin, and niacin in the breads containing 
dried yeast or nonfat milk solids did not exceed “enriched” white 
bread. The addition of dried yeast to the white bread produced small 
increases in the levels of pyridoxine and pantothenic acid. The 
growth response of the rats on white bread containing dried yeast 
cannot be attributed entirely to the small increase in the content of 
these two vitamins, as Sure (20) has reported that the addition of dried 
yeast to ‘‘enriched” white flour markedly improved the nutritive value 
in the presence of a supplement of eight synthetic B-vitamins in the 
diet. 


Discussion 


The inclusion of nonviable, debittered, dried brewers’ yeast in 
white bread increased the nutritive value markedly, even in the pres- 
ence of 1 and 3% of nonfat milk solids, as measured by rat growth. 
The increased growth response may have resulted from (a) an increase 
in the biological value of the bread proteins, (b) an increase in the 
mineral content, (c) an increase in the vitamin content, (d) the higher 
protein content of the bread. 

Sure (21) reported that the increase in protein efficiency of ‘‘en- 
riched”’ white flour supplemented with 3 to 5% of dried yeast was 
greater than could be obtained with a quantity of lysine equal to the 
dried yeast in a diet containing a supplement of eight crystalline B 
vitamins. Sure did not add valine to his diets. In our determinations 
of the biological value of the various breads, the addition of either 
dried yeast or nonfat milk solids at the 3% level or lower did not 
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produce any significant increases in biological value. Henry et al. (9) 
in an excellent study on the biological value of white bread using the 
nitrogen balance method, observed that ‘‘the increase in biological 
value of the nitrogen of white bread caused by the addition of milk 
was slight."" These authors further state that at these low levels of 
admixture (2 and 6% milk solids) there is no supplementary relation- 
ship between the milk and bread proteins. Although dried yeast 
contains 3.5% lysine (21) and is, therefore, an excellent source of this 
substance, the amounts of lysine and valine which it provides at the 
low level employed evidently were not enough to produce a large 
increase in the biological value of the bread proteins. 

An important mineral deficiency of white bread is calcium (9). 
The improved growth response obtained with the addition of nonfat 
milk solids may be partially the result of the calcium which it provides 
as reported by Henry et al. (9). In the case of white bread containing 
dried yeast there is no increase in calcium content of the bread. The 
possibility of other minerals from dried yeast having an effect on 
growth will require further investigation with various mineral mixtures 
included in the rat diets. 

The bread made with dried yeast did not contain larger amounts of 
thiamin, riboflavin or niacin than the “enriched” bread. Westerman 
and Hall (23) have observed that the addition of calcium pantothenate 
and pyridoxine improved the growth of rats on a B-complex-free, 20°% 
casein diet plus “‘enriched” flour. However, Sure (20) observed that 
rat growth was improved by the inclusion of 1 to 3% dried yeast even 
in a ration containing an adequate supplement of 8 crystalline B 
vitamins. Cannon (4), using the rat repletion technique, observed 
that the addition of 3% dried yeast to a bread containing 2% of nonfat 
milk solids fed in a ration containing 6 crystalline B vitamins and a 
liver concentrate increased the nutritive value 20 to 33%, practically 
equalling whole wheat bread. Part of the increase in the growth 
response of rats fed white bread containing dried yeast under the 
conditions of the experiments employed is the result of an increased B 
vitamin content. However, as observed by Sure and by Cannon, the 
growth response may occur even in the presence of known B-complex 
supplements. 

The increased protein content of the breads containing dried yeast 
and nonfat milk solids undoubtedly is a factor in improving growth 
response of rats fed the various baked breads. The fraction of ingested 
protein utilized by the rat for maintenance declines as the protein 
intake increases (2). Thus, rats receiving breads of higher protein 
content or rats with an increased food consumption will have a greater 
fraction of protein available for growth. Food utilization will be 
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increased in a similar manner. Mitchell observed that when paired- 
feeding experiments were conducted with rats, the difference between 
the nutritive values of “enriched’’ bread and bread containing 6% 
nonfat milk solids was less than with ad libitum feeding, although the | 
superiority of the milk bread was still evident. The protein contents 
of the diets were not equalized in these experiments. 

The increased growth response of rats fed white bread containing 
dried yeast is not primarily due to a large increase in the biological 
value, but appears to be the result of a higher vitamin and protein 
content which increases the food and protein consumption. Further 
experiments are in progress to determine the exact nature of the 
factors which produce the larger growth responses when white bread 
is supplemented with dried yeast. The white bread which contained 
both dried yeast and nonfat milk solids at the 3% level had the highest 
nutritive value, as measured by rat growth, in these studies. 
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PREPARATION OF WHEAT FLOUR PENTOSANS FOR 
USE IN RECONSTITUTED DOUGHS' 


J. W. Pence, ANGetine H. Evper, and D. K. Mecuam? 


ABSTRACT 


The separation of wheat-flour pentosans of satisfactorily low nitrogen 

content for baking tests was accomplished either by selective adsorption of 

the proteins of a heated, centrifuged flour extract on a suitable agent, or by 

precipitation of the proteins with the barium hydroxide-zinc sulfate reagent 

of Somogyi; dialysis then removed most of the remaining nitrogenous and 

carbohydrate impurities. The extracts were heated to destroy pentosanase 

activity. Yields were about 8 and 5 g. of pentosans per kg. of flour with the 

adsorption and the precipitation method respectively. The precipitation | 

method gave a product of higher purity and of lower average molecular 

weight, although pentosans obtained with either method showed the chemi- 

cal characteristics noted by earlier workers, particularly gel formation upon 

oxidation. 
Under the conditions of this study, soluble pentosans had little effect 

on the baking performance of doughs reconstituted without the water- 

soluble fraction of flour, but the handling properties of the doughs them- 

selves were distinctly modified. The pentosans corrected to a large degree 

the slack softness, wet surface, and lack of normal stickiness shown by 

doughs reconstituted with only gluten and starch. Improvements in 

volume, grain and texture were small. 


The importance of water-soluble components in the bread-baking 
performance of flours from some wheat varieties was demonstrated 
by Finney (6), who separated the glutens, starches, and water-soluble 
fractions of flours and recombined them in the original proportion and 
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in different¥proportions before baking them into bread. Among 
constituents known to be present in the water-soluble fraction of flour, 
the pentosans have been studied in some detail by Baker, Parker, and 
Mize (2); the observed formation of an irreversible gel upon treatment 
of pentosan solutions with certain oxidizing agents used as bread 
improvers suggested to these workers that soluble pentosans may 
have an important influence on dough properties. It seemed desirable, 
therefore, to determine more clearly the actual contribution of pento- 
sans to the baking behavior of a flour. To facilitate such studies, 
improved methods were developed for the preparation of pentosans 
in sufficient quantity for reconstitution baking. 


Methods and Materials 


Pentosans were determined routinely by the colorimetric method of 
Brown (3), which gave results in satisfactory agreement with those 
obtained by a furfural distillation method (1). The baking formula of 
Finney and Barmore (7), with optimal bromate, was used in con- 
junction with the A.A.C.C. Standard Baking Procedure (1), and mixing 
times were determined with the National Recording Mixograph.* 
Doughs were reconstituted with wet gluten by the method of Sand- 
stedt, Jolitz, and Blish (10), and the water-soluble fractions were 
prepared according to the recommendations of Finney (6). A single 
uniform lot of starch was used for all doughs. Glutens were stored in 
the frozen state, and water-soluble preparations were dried by lyo- 
philization. The flours used were straight-grade, unbleached flours 
experimentally milled from samples of pure varieties. One sample 
contained 13.1% protein (at 14% moisture) and was milled from 
Turkey wheat grown in Texas; the other was an 8.6% protein flour 
from Purkof, a semi-hard red winter wheat, grown in Indiana. 

Preparation of Pentosans. Various types of adsorbing agents were 
investigated for their selectivity toward the nitrogen-containing 
materials of flour extracts in an effort to separate the pentosans 
and proteins by a method which would give good yields of pentosans 
and allow recovery of proteins by elution. The agents used included 
Norite A, kaolin, bentonite, permutit, synthetic resins of the Amberlite 
type, and the activated clays marketed by the Filtrol Corporation.’ 
Of these, Special Filtrol was found to be the most satisfactory from the 
standpoint of efficiency of protein adsorption, ease of handling, and 
inertness toward pentosans. Up to 90% of the non-dialyzable 
nitrogen of a flour extract could be removed by this agent, while 
the pentosan content was scarcely affected. However, no effective 
method of recovery of the adsorbed protein has been devised. 


* Mention of trade names of material and equipment does not constitute endorsement by the 
of Agriculture. 
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It was necessary to heat flour extracts to 90° to 95°C. for 3 to 4 
minutes to prevent a rapid decrease in viscosity of the extracts. 
Although the heating caused precipitation of 30 to 50% of the total 
nitrogen of the extracts, the viscosity remained virtually unchanged. 
These observations suggested that pentosans were the main con- 
tributor to the viscosity of the extracts and that enzymatic action 
upon the pentosans was responsible for the viscosity changes observed. 
Baker, Parker, and Mize (2) had observed evidence of pentosanase 
activity in bran extracts, and Dr. Parker * informed us that subsequent 
work had shown the presence of a pentosanase in flour. Accordingly, 
the identity of the enzyme in the flour extracts was established by 
the viscosity-decreasing effects of the extracts upon solutions of 
purified pentosans. The adsorption agents failed to remove the 
pentosanase completely from solution. 

Another method of preparation of pentosans was developed from 
an investigation of the effect of protein-precipitating agents on the 
solubility of pentosans. Treatment of a flour extract with the barium 
hydroxide-zinc sulfate reagent of Somogyi (11) produced sparkling 
clear filtrates containing practically none of the original non-dialyzable 
nitrogen and about 60% of the original pentosans of the extract. 
This reagent also lowered the pentosanase activity of unheated extracts 
to almost insignificant levels. 

A more detailed description of the two methods for the isolation 
of soluble flour pentosans follows. Extracts were prepared by stirring 
a quantity of flour with four parts of the 0.1%, pH 6.8, phosphate 
buffer of Dill and Alsberg (5) for 30 minutes. After removal of the 
solids by centrifugation, the extract was heated to 90° to 95°C. for 
3 to 4 minutes and cooled immediately. The precipitated material 
was removed by centrifugation. In the adsorption method, the 
supernatant was shaken or stirred for 30 minutes with five grams of 
Special Filtrol per 100 ml. of solution. For best results the pH for 
this step should be in the range of 5.5 to 6.0. Actually, the pH usually 
was found in this range after the addition of Filtrol to the extract. 
The Filtrol was then removed by centrifugation, and the supernatant 
dialyzed in Visking * cellulose tubing against distilled water, concen- 
trated under vacuum below 40°C., and lyophilized. 

In the second method, one volume each of 0.3 N barium hydroxide 
and 5% zine sulfate were added successively, with stirring, to 3 
volumes of the supernatant after heat treatment. The resulting 
solution should be neutral or only very slightly alkaline. The heavy, 
white precipitate was removed by filtration, and the filtrate was 
dialyzed, concentrated, and lyophilized as described above. 


* Personal communication. 
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Characterization of Pentosans. ‘Typical preparations of pentosans 
obtained by the adsorption method contained 70 to 80% pentosans 
and 3 to 5% protein without further purification. About 8 g. of 
pentosans were obtained per kg. of flour. Barium-zinc preparations 
contained up to 90% pentosans and 2 to 3% protein; about 5 g. were 
obtained per kg. of flour. 

Preliminary ultracentrifuge examination of material prepared by 
the adsorption method showed two peaks of about equal area. The 
sedimentation constant of the sharper, more slowly moving boundary 
corresponded to a minimum molecular weight of about 15,000, dis- 
regarding corrections for asymmetry or hydration. A preparation by 
the barium-zinc method was single-boundaried without marked 
spreading, and therefore appeared to be a relatively homogeneous 
preparation. The observed sedimentation constant also corresponded 
to a minimum molecular weight of about 15,000. Osmotic pressure 
measurements by the method of Bull (4) on the same preparations 


TABLE I 


COMPARISON OF THE EFFECTS OF PENTOSANS AND COMPLETE WaA‘TER-SOLUBLE 
Fractions ON LoaF Vo_uMES oF ReconstiTuTED 


Turkey P arkot 


Average Standard Average Standard 
loaf volume deviation loaf volume deviation 


ce. a. a. a. 

Control (gluten plus starch) 695 13 600 19 

Control ee pentosans 715 14 665 14 
Control aioe complete water-soluble 

fraction 835 18 800 7 


! Gluten content of all hs equivalent to that of 100 g. of — 1 hf 12% protein. Pentosans 


and water-soluble fraction in ratio to gluten as found in original 


gave average molecular weight values of anniaseuiol 22,000 for the 
barium-zinc preparation and approximately 39,000 for the Filtrol 
preparation. Apparently the barium-zinc reagent precipitated the 
larger pentosan particles as well as the proteins of a flour extract. 

The pentosans obtained by these methods were slowly soluble in 
water to form clear, viscous solutions. A purplish red color was 
obtained with iodine. Oxidizing agents produced gels which did not 
liquefy on standing and which were little affected by vigorous stirring. 

Baking Studies. Baking results obtained with reconstituted 
doughs prepared from the two flours are presented in Table I. 

These values show that the complete water-soluble fractions 
produced volume responses of 140 and 200 cc. for the Turkey and 
Purkof doughs, respectively, while the volume increases for the 
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pentosans were only 20 and 65 cc. The slight effect of the pentosans 
can be partially accounted for by the small amounts of water-soluble 
protein remaining in the pentosan preparations. Neither the source 
nor method of preparation of the pentosans had an effect on the 
results obtained. Doughs without added pentosans were soft and 
slack, were not sticky, and had a wet, shiny surface. The doughs to 
which pentosans only had been added were firm and dry, and sticky 
to a normal degree. The grain and texture of loaves baked with the 
Purkof gluten were slightly improved by pentosans, but loaves with 
Turkey gluten were unaffected. A small decrease in absorption was 
noted for doughs from both flours in the absence of pentosans. 


WATER SOLUBLE PROTEIN ADDED - GRAMS 
Fig. 1. Scatter diagram showing relation between loaf volume and amounts of protein in water- 


solubles added to reconstituted doughs. The original flour contained 0.87 g. water-soluble protein 
per 100 g. The gluten content of all doughs was equivalent to that of 100 g. of flour at 12% protein. 


The small contribution of pentosans to loaf volume responses was 
also shown by use of a water-soluble fraction from which most of the 
proteins, but little of the pentosans and dialyzable constituents, had 
been removed by treatment with Special Filtrol. By the addition in 
varying amounts of treated or untreated fractions, reconstituted 
doughs were obtained which contained varied amounts and ratios of 
pentosans and water-soluble proteins. By this means a comparison of 
their relative effects on loaf volume was possible. The results ob- 
tained with Turkey flour fractions are presented in Figs. 1 and 2. 
Fig. 1 shows loaf volumes plotted against the amounts of protein 
contained in the added water-soluble material. The small dispersion 
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of points around the regression line emphasizes the highly significant 
correlation coefficient of + 0.98 which was obtained. A much lower 
order of correlation is obvious in Fig. 2, where the same loaf volume 
data are plotted against the amounts of pentosans contained in the 
added materials. The dispersion of points around the regression line 
is much greater, and the correlation coefficient is + 0.77. The 
nitrogenous constituents, therefore, appear to be responsible for the 
loaf-volume-increasing effects of the water-soluble fraction. However, 
the baking experiments described do not exclude the possibility that 
water-soluble proteins may require the presence of pentosans to 
produce their optimum effect. 


6 8 12 
PENTOSAN ADDED - GRAMS 


Fig. 2. Scatter finn ~ -~d having relation between loaf volume and amounts of pentosans in water- 
bles added to reconst! 


ted doughs. The he original flour contained 0.81 g. soluble per 


Discussion 


The marked effect of temperature on the viscosity of pentosan 
solutions, described by Baker and co-workers (2), may explain the 
failure of pentosans to affect materially the behavior of doughs in the 
oven. These workers found that a solution which was very viscous 
at room temperature became almost water-thin after being warmed 
to 65°C. Thus, firmness imparted by pentosans would be drastically 
lessened as the temperature of a dough increased during baking. 

The distinct modifying effects of soluble pentosans on the handling 
properties of reconstituted doughs were quite similar to those reported 
by Sandstedt, Jolitz, and Blish (10) for the small-granule fraction of 
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starch. Since Baker and co-workers (2) reported small-granule starch 
to contain up to 14% insoluble pentosans, it is possible that the effects 
of this starch fraction were due, in large part, to the insoluble pentosans. 
MacMasters and Hilbert (8) found only 4% pentosans in their prepara- 
tions of small-granule starch, but it has been suggested * that pento- 
sanase activity during preparation may have been partly responsible 
for this low value. Ofelt (9) obtained small-granule starch fractions 
containing approximately 8% pentosans but observed no effect of 
either this starch or the total water-soluble fraction on dough-handling 
properties. In this regard, Sandstedt and coworkers found that their 
small-granule starch fraction not only modified dough-handling prop- 
erties but also decreased loaf volume and improved grain and texture. 
The divergency of all these results clearly indicates that a more 
extensive study is required to determine the importance of pentosans 
and small granule starch in the baking performance of flours of all 


types. 
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THE PROTEIN, NIACIN, AND PANTOTHENIC ACID 
CONTENTS OF CORN INBRED LINES' 


LorkAINE D. Ropriguvez, CHarRLes H. Hunt, 
and R. M. BetuKe? 


ABSTRACT 


Thirty-nine corn inbred lines grown at Columbus, Ohio, in 1946 were 
analyzed for total protein, niacin, and pantothenic acid, The lines ranged 
from 9.9 to 17.8% protein (mean 13.1), from 12.4 to 54.1 yg. niacin (mean 
22.6), and from 2.6 to 9.4 yg. pantothenic acid (mean 6.1). Tests for 
correlation coefficient r made on the assay results of the three components, 
each with the other, revealed no significant correlations. However, the r 
values for niacin and protein (negative) and for niacin and pantothenic acid 
(positive) approached the 5% level of significance, indicating that there may 
be some relationship between these components. 


The chemical composition of the corn plant has been the subject 
of considerable study. Hybrids have been compared with open- 
pollinated varieties and attempts have been made to trace heritable 
characters in inbred lines and hybrids. Recently, attention has been 
given to vitamins, mineral elements, and amino acids of the corn grain, 
as well as to protein, oil, sugar, starch, and ash. 

Experiment stations first produced high or low protein corn by 
seed selection (Hume, Champlin, and Loomis, 9; Smith, 14). Breeding 
high-protein corn by Mendelian methods was reported by Hayes (7). 

Curtis and Earle (4) found variations attributable to heredity 
and/or environment in composition of grain, including protean, from 17 
hybrids grown at different locations. 

Sayre (13) reviewed the protein content of some open-pollinated 
varieties and hybrids tested at the Ohio Station during several years. 
Early studies showed that hybrids had a more uniform protein content 
than open-pollinated varieties. Open-pollinated corn grown with 
seven hybrids at several locations through four seasons did not always 
contain the lowest percent protein, but proved inferior to the hybrids 
in yield of protein per acre. He found that soil, season, and maturity 
affected protein content. 

Hunt, Ditzler, and Bethke (10) have reported that while both 
heredity and environment affect niacin and pantothenic acid in 


1 Manuscript received August 31, 1949. Published with the approval of the Director of the Ohio 
Agricultural Experiment Station. 
2 Department of Animal Science, Ohio Agricultural Experiment Station, Wooster, Ohio. 
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hybrids, niacin is less subject to environmental influences than panto- 
thenic acid. Further study showed the effect of specific inbred lines 
on both vitamins in various types of hybrids (Ditzler, Hunt, and 
Bethke, 5). After finding that inbred lines varied more widely than 
related hybrids in niacin and that hybrids high in niacin came from 
parents high in niacin, Gorfinkel (6) concluded that niacin in maize is 
a genetically inherited factor. Richey and Dawson (12) also reported 
wide variations in the niacin content of inbred lines. Hybrids were 
intermediate between the parents. These investigators believe that 
it would be possible to develop hybrids with 50 ug. niacin per g., but 
that such hybrids would be valueless unless they possessed other 
desirable characteristics. 

A few investigators have correlated vitamin content with other 
components of cereal grains. The work of Burkholder, McVeigh, and 
Moyer (2), Mather and Barton-Wright (11), and Cameron and Teas 
(3) indicates a correlation between relatively high niacin and sugary- 
type maize endosperm. Aurand and Miller (1) reported a definite 
influence of heredity on the carotene and crude protein contents of 
single cross corn hybrids but found no correlation between the two 
nutrients in the corn tested. Hoffer, Alcock, and Geddes (8) found 
a significant positive correlation (r = +0.326) between thiamine and 
protein in 383 samples of hard red spring wheat. At this Station, 
Hunt and co-workers found a significant positive correlation (r = ; 
+ 0.834) between niacin and protein in 28 oats samples grown during 
two seasons on a 5-year rotation fertility experiment (unpublished . 
data). 

The present study was undertaken to determine whether a correla- 
tion existed in corn inbred lines between niacin and pantothenic acid 
and between the contents of each of these vitamins and protein. 


Materials and Methods 


The grain from thirty-nine corn inbred lines grown under open 
pollination at Columbus, Ohio, in 1946 was analyzed for total protein, 
niacin, and pantothenic acid. Total protein was determined by the 
Kjeldahl procedure. Niacin and pantothenic acid were determined 
microbiologically, using methods previously described (Hunt ef al., 
1947). Results were calculated to dry matter basis. The test for 
correlation coefficient r was made on niacin with pantothenic acid 
and on protein with each of the two vitamins. 


Results and Discussion 


The assay results are shown in Table I. The lines ranged from 
9.9 to 17.8% protein (mean 13.1), from 12.4 to 54.1 ug. niacin (mean 
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22.6), and from 2.6 to 9.4 ug. pantothenic acid (mean 6.1) per g. 
sample. The ranges of all three components were quite wide. This 
result agrees with the findings of Gorfinkel (6) and Richey and 
Dawson (12) whose tests of inbred lines showed a wide range in 
niacin. When the three components were correlated with each other, 
the values of correlation coefficient r for these three components were 


TABLE I 


ToraL Proretn, NIACIN, AND PANTorHENIC Actp Contents oF Corn 
INBRED Lines Grown At Cot_umpus, Onto, IN 1946 


(Dry matter basis) 


Total protela Ni Pantothenic acid 
meg./g. 


2. 
4. 
1 

9. 
3. 
2. 
4. 
7. 
2. 
4. 
1. 
2. 
2. 
3. 
2. 
2. 
3. 
3. 
4. 


SESS 


w 


Minimum 
Maximum 


SSS | 


Ind. WF9 
Cl4-8 
W23 
C17 
C1.187-2 ag 
HS 
H7 
1a.1205 
K4 
K155 
K166 F 
la.L289 
il. M14 
T8 
la. Os 420 
la. Os 426 
A 
Ind. 38-11 
la. P8 
Kys 
Oho2 
Oh04 
4 Oh7A 
Oh26 
Oh28 He 
Oh33 
Oh40B 
Oh41 
OhS1 
OhS1A 
OhS6 
OhS6A 
Oh65 + 
On84 
Oh93 
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as follows: for protein with niacin, —0.249; for protein with panto- 
thenic acid, +0.086; for niacin with pantothenic acid, +0.285. None 
of the values for r was significant for 39 pairs. However, the r values 
for protein with niacin and for niacin with pantothenic acid approach 
significance (r = approximately .31 at 5% level) and indicate that 
there is probably some relationship between the components compared. 


Acknowledgment 


The authors are indebted to J. D. Sayre, Department of Agronomy, Ohio Agri- 
cultural Experiment Station, in cooperation with the United States Department of 
Agriculture, for supplying the sam analyzed. 


Literature Cited 


1. Auranp, L. W., and Mitter, R. C. Influence of heredity on the crude protein 
and carotene contents of corn. Federation Proceedings, Federation of 
American Societies for Experimental Biology 8: 378 (1949). 

. Burkno.per, P. R., McVeiGca, ILpa, and Mover, Dororny. Niacin in maize. 
Yale J. Biol. Med. 16: 659-663 (1944). 

. Cameron, James W., and Teas, H. J. The relation between nicotinic acid and 
carbohydrates in a series of maize endosperm genotypes. Proc. Nat. Acad. 
Sci. 34: 390-398 (1948). 

. Curtis, J. J., and Earte, F. R. Analyses of double-cross hybrid corn varieties 
produced on farms. Cereal Chem. 23: 88-96 (1946). 

. Drrzter, Lorrarne, Hunt, C. H., and Betuxe, R. M. Effect of heredity on 
the niacin and pantothenic acid content of corn. Cereal Chem. 25: 273-279 
(1948). 

. Gorrinket, L. The influence of crossing on the nicotinic acid content of maize. 
Jour. Agr. Sci. 38: 339-342 (1948). 

7. Haves, H. K. Production of high-protein maize by Mendelian methods. 
Genetics 7: 237-257 (1922). 

. Horrer, A., Atcock, A. W., and Geppes, W. F. The effect of variations in 
Canadian spring wheat on the thiamine and ash of long extraction flours. 
Cereal Chem. 21: 210-222 (1944). 

. Hume, A. N., Caampcin, M., and Loomis, H. Selecting and breeding corn for 
protein and oil in South Dakota. S. Dak. Agr. Exp. Sta. Bul. No. 183 (1914). 

. Hunt, C. H., Dirzcer, Lorraine, and Betuke, R. M. Niacin and pantothenic 
acid content of corn hybrids. Cereal Chem. 24: 355-363 (1947). 

. Maruer, K., and Barton-Wricut, E. C. Nicotinic acid in sugary and starchy 
maize. Nature 157: 109-110 (1946). 

. Ricuey, F. D., and Dawson, R. F. A survey of the possibilities and methods of 
corn (maize). Plant 23: 238-254 (1948). 

. Sayre, J. D. Unpublished data contained in the Annual Report to the Office 
of Cereal Crops and Diseases, B.P.1.S.A.E., U.S.D.A. (1949). 

. Swrra, L. H. Altering the composition of Indian corn by seed selection. Ind. 
Eng. Chem. 4: 524-525 (1912). 


ike 
« 
if 
{ 
i 
Hi 
4 
§! 
1 
4 
1 
4 
q 
oa 
| 
a 
j 
1 
! q 
q 


COMMUNICATIONS TO THE EDITOR 


The Lever System of the Baker Compressimeter ' 
Sir: 

The Baker Compressimeter, since it was first reported by Platt,? 
has been used by a number of workers to follow the change in firmness 
or compressibility of bakery products during the progress of staling. 
Platt in his original paper stated, “‘When the plunger is depressed, the 
amount of the depression is multiplied 10 times and is read direct in 
millimeters on scale D."" However, he did not mention any factor for 
converting force scale readings into actual depressing force. 

Recently, Favor and Johnston’ reported the use of the Baker 
instrument in a study of the effect of polyoxyethylene monostearate on 
the staling of bread. These authors stated that “The stress in grams 
read from the scale on the instrument was multiplied by 10 to show 
the actual stress applied by the lever system to the section of bread 
crumb, and to secure better correlation with similar readings taken 
from other types of compressibility testers.” 

Other workers ‘* have made similar statements, but attempts to 


demonstrate a correlation between the Baker Compressimeter and the 
Universal Penetrometer in this laboratory indicated that some factor 


other than 10 was involved. 

To clarify this matter all the levers on the Baker instrument, with 
the exception of the one bearing the stress indicator, were immobilized 
with Scotch tape. By hanging analytical weights at the point where 
force is normally applied, it was found that with only a slight error, 
due perhaps to lack of linearity in the spring, the force scale values in 
grams equalled the force applied at this point. 

The Baker Compressimeter was dismantled and the various levers 
were measured carefully with a steel scale. The results are shown in 
Fig. 1. 

From these measurements it was possible to validate Platt’s 
statement that the amount of depression is read directly from the 
instrument scale. The lever system, HG/DG, produces a tenfold 


' These observations were made incidental to the course of an in tion supported by 
United States Department of Agriculture under the Research and Markxine Act, Contract No. 
A-1S- at ya The conclusions contained in this report are those of the authors and are not to be 

as necessarily reflecting the views or indorsement of the Department of a>. 

Powers, R. Compressibility of bread crumb. Cereal Chem. 17; 601-621 (2989), 

* Favor, H. H., and Johnston, N. F. Effect of polyoxyethylene stearate on the crumb softness of 

Chern 24: 346-355 (1947). 

* Nognick, P. P., and Geddes, W. F. Application of the Baker Compressimeter to cake studies. 
Cereal Chem. 20: 463-477 (1943). 
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Fig. 1. Lever system of the Baker Compressimeter. 


magnification of the depression, but the true depression is read in 
millimeters from the scale of the instrument. There is a small error 
resulting from angular displacement which may be ignored. 

An examination of the levers involved in the force system revealed 
that for Plunger Position D the mechanical advantage is as follows: 


AG _CG BG AG 
Mechanical Advantage: = CG x BG x DG ~ DE 


From this observation and the lever measurements it was possible 
to calculate the theoretical conversion factor for the force scale for 
each of the three plunger positions. The following formula was 
employed: 


where: 
fa = force applied to the sample by the plunger. 

f' = force applied to the lever at A and transferred to the plunger 
at B by a spring. This was determined to be the scale 
reading. 

d,4 = length of the lever to which force is applied by a motor from 
the fulcrum, G to A. 

d’ = length of the lever from G to the plunger where force is 
applied to the sample, D, E or F. 


: qi = mechanical advantage of the system. 


The results are as follows: 


Plunger Position 


cm. 
Mech, Adv. 
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| 310% | 
— 
| 
| 
da 
dg 
if 
| da, cm. 18.8 18.8 | 18.8 ie 
1.55 3.10 | 4.65 
12.1 | 6.06 4.04 
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Having been assured that the Baker Compressimeter is a standard- 
ized machine * and that the one studied was a stock model, it would 
appear that the true factor to use in converting the force scale to 
actual force applied at the first plunger position (D) is 12.1 rather 
than 10. 

By assuming that the lever-free Penetrometer provided accurate 
force-depression values on sponge rubber blocks, and by correlating 
these with Baker readings on the same blocks, it has been possible to 
demonstrate that the theoretical constants obtained are correct. The 
experimentally determined constants had an average deviation from 
the theoretical of 1.3% or less. 


J. B. THompson anp D. F. MEISNER 
American Institute of Baking 


Chicago, Illinois 
October 11, 1949 


The Amino Acid Composition of Whole Wheat in Relation 
to its Protein Content 


Sir: 

During some recent studies in these laboratories the essential amino 
acid composition of 4 samples of different varieties of whole wheat has 
been determined by microbiological assay. The results suggest that 


the fraction of the total (Kjeldahl) nitrogen contributed by several of 
the amino acids may not be wholly independent of the nitrogen content 
of the sample, tending to be higher in samples of lower nitrogen con- 
tent. This was most marked with arginine, lysine and valine, figures 
for which are given below. No such tendency was noted with phenyl- 
alanine, histidine, tryptophane or'tyrosine. None of the amino acids 
so far studied (the ten “essential’’ amino acids and tyrosine) showed 
the reverse tendency. 


Nitrogen Lysine* 


% % 
White English Wheat 1.5 Al 
N. S. W. Australian 1.81 . 8 
New Crop Plate 2.27 . 46 
Tough No. 2 Manitoban 2.43 f 39 


* Amino acid nitrogen as per cent of total nitrogen. 


We have not so far determined the non-protein nitrogen content of 
our samples; variations therein might, of course, explain the results 
observed. Alternatively, it may be that the samples contain different 
proportions of the individual wheat proteins. 


* Personal communication, Meade Harris, Wallace and Tiernan Company, Inc., Chicago, Illinois. 
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Some data recently published by McElroy et ai. (1), in which the 
essential amino acids in nine samples of one variety each of wheat, 
barley and oats were compared, show some interesting points of sim- 
ilarity. Their figures show that there was a within-species variation 
of amino acid content which, in the case of wheat, was most evident 
for lysine, arginine, valine, isoleucine and histidine. Furthermore, as 
they point out, it appears that the fraction of the total nitrogen con- 
tributed by the nitrogen of lysine may decrease as the total N increases 
—a tendency that, their figures suggest, may apply to certain other 
amino acids also. 

Thus there appears to be accumulating evidence that the crude 
protein of wheat samples lowest in nitrogen may contain rather 
higher proportions of several of the amino acids, suggesting that there 
are qualitative, as well as quantitative, differences in protein content. 


STANLEY A. PRICE 
Research Laboratories, 
Vitamins Ltd. 

23, Upper Mall, 


London, W.6., England 
October 28, 1949 
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BOOK REVIEWS 


Outlines of Biochemistry. By Ross Aiken Gortner. Third Edition edited by Ross 
Aiken Gortner, Jr. and Willis Alway Gortner. 1078 pp. John Wiley & Sons, 
Inc., New York and Chapman & Hall, Ltd. London. Price $7.50. 


Outlines of Biochemistry has long been regarded as a classic in its field. The ap- 
pearance of this revised edition will be welcomed by biochemists everywhere. It was 
made possible through the efforts of a number of authorities on various phases of bio- 
chemistry, nearly all of whom were former students or colleagues of the late chief of 
the Division of Agricultural Biochemistry at the University of Minnesota. 

While many advances have been made in the eleven years since the last revision, 
these have been incorporated without greatly altering the general form and size of the 
book. Subject matter is divided into six sections dealing with colloids, proteins 
carbohydrates and related substances, lipids and essential oils, plant pigments and 
biochemical regulators. Most of the chapter headings are the same as formerly, but 
<a ae been combined, some completely rewritten, and three new chapters 
included. 

The section on colloids has been greatly condensed and relatively little new ma- 
terial added. All the other sections have been expanded. 

In the protein section a new chapter on protein denaturation has been added. 
The chapter on protein analysis now includes descriptions of ion exchange and 
chromatographic separation methods for separation of amino acid mixtures and micro- 
ae techniques for amino acid analyses. 

he carbohydrate section has been almost completely rewritten. The subject 
is developed in an excellent fashion and includes many citations of recent literature. 
Errors found in some structural formulas in the previous editions have been corrected. 
A new chapter on carbohydrate metabolism, a field in which remarkable progress has 
been made in the last few years, has been added. 

Lipid metabolism is the subject of a new chapter in the lipid section. Recent 
findings on the mechanism and inhibition of fat oxidation are also reviewed. 

Extensive revisions have been made in the last two sections to present up-to-date 
information on the chemistry of plant pigments, vitamins, hormones, and enzymes. 

Contributors to the revision were Drs. S. I. Aronovsky, P. D. a D. R. 
Briggs, H. B. Bull, G. O. Burr, W. F. Geddes, R. A. Gortner, Jr., W. A. Gortner, 
H. O. Halvorson, W. M. Sandstrom, T. J. Schoch, and J. J. Willaman. 

The third edition upholds the high standards set by the original author. It 
should be a valuable aid to every cereal chemist as well as to others working with 
biological materials. 

P. E. Ramstad 


School of Nutrition 
Cornell Universit 
Ithaca, New Yor 


Nutritional Data. Published and distributed gratis by the H. J. Heinz Co., P. O. 

Box 57, Pittsburgh, Pa. 

As a successor to “Nutritional Charts,” “Nutritional Data" will be welcomed 
by the large number of people working in the medical and biological professions, and 
by nutritionists and dietitians who have valued the previous 12 editions of ‘‘Nutri- 
tional Charts” as a ready source of reference. ‘Nutritional Data” is a revision and 
expansion of its predecessor which contains much added material and retains many 
of the valuable features of the original publication. The subject matter, treated 
mostly in tabular form, is divided essentially into the following ten sections: Vitamins, 
The Essential Elements, Proteins and Amino Acids, the Availability of Nutrients, 
Signs and Symptoms of Malnutrition, the Metabolism and Action of Foods, Human 
Dietary Requirements, Planning Diets for Good Nutrition, Tables of Food Com- 

ition and Nutritive Value, Nutritional Activities of H. J. Heinz Co., Suggestions 
or Further Reading. The section devoted to tables of food composition and nutritive 
values forms the backbone of this publication. This section will be particularly 
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valuable to dietitians, and it constitutes a convenient source of reference for others. 
Compared to previously published tables of food composition in ‘Nutritional Charts,” 
these new tables have been revised to conform with the latest analytical data avail- 
able. That such a revision is desirable is indicated by the fact that the analyses of 
what might be considered well-known staple foods, such as whole-wheat flour, 
oatmeal and peanut butter, given in the present issue are somewhat different from 
those previously listed. The expression of the mineral content of foods in terms of 
grams or milligrams per 100 grams of edible portion rather than in terms of percent 
is a distinct improvement. The columns giving the alkaline or acid effect of foods 
which were previously incorporated in the tables of food composition have been 
deleted. The descriptive and factual material presented in “Nutritional Data” is 
in general quite accurate and reliable. Perhaps it would be desirable if in the section 
on vitamins the deficiency signs and symptoms which are listed were more clearly 
identified with the species involved, ticularly where specific symptoms have not 
been identified in human beings. While an effort in this direction has been made, 
the differentiation between symptomology in different species is not as clear-cut as 
might be desired. A few inaccuracies have been found in the text, but in general, 
they are not of a serious nature. For example, the statement made on page 31 to 
the effect that copper is necessary for conversion of iron into hemoglobin is not as yet 
supported by experimental evidence, nor should pantotheny! alcohol which is listed 
on page 45 as a pantothenic acid antagonist be classified in this manner inasmuch as 
it is readily available to human beings and oxidized by them to pantothenic acid. 

reviewer feels certain that there will be a great demand for “Nutritional 
Data" and that it will be a valuable reference to all the people interested in the field 
of nutrition. The sponsors of this publication and the editorial staff are making a 
fine contribution to better nutrition through the compilation and distribution of 
“Nutritional Data.” 

M. O. ScHULTZE 


Division of Agricultural Biochemistry 
University Farm 
Saint Paul, Minn. 
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CEREAL CHEMISTRY 


Cereal Chemistry 


EDITORIAL POLICY 


Cereal Chemistry publishes scientific papers dealing with raw materials, processes, or products of 
the cereal industries, or with analytical peoceduren, technological tests, or fundamental research, related 
thereto. Papers must be based on original investigations, not previously bed 
make a definite contribution to existing knowledge. 

Cereal Chemistry gives preference to suitable papers presented at the Annual Meeting of the 

an Association of Cereal Chemists, or submitted «directly by members of the Association. When 
space permits, papers are accepted from other scientists throughout the world. 

The papers must be written in English and must be clear, concise, and styled for Cereal Chemistry. 

Manuscripts for publication should be sent to the Editor in Chief. Advertising rates may be 
secured from and laced with the Managing Editor, University Farm, St. Paul 1, 
Minnesota. Subscription rates, $7.50 per year. Foreign postage, SO cents extra. Single copies, 
$1.50; foreign, $1.60. 

= ‘ust Acceptance at special tate of postage provided for Section 
October 3, 1917, authorized February 16, 1924. 


SUGGESTIONS TO AUTHORS 


General. From January 1, 1948, an abstract will be printed at the beginning of 
each paper instead of a summary at the end, references will be numbered to provide 
the option of citing by number only, and date of receipt, author’s connections, etc., 
will be shown in footnotes. Except on these points, authors will find the last volume 
of Cereal Chemistry a useful guide to acceptable arrangements and styling of papers. 
“On Writing Scientific Papers for Cereal Chemistry” (Trans. Am. Assoc. Cereal 
Chem. 6: 1-22. 1948) amplifies the following notes. 

Authors should submit two copies of the manuscript, typed double spaced with 
wide margins on 84 by 11 inch white paper, and all original drawings or photographs 
for figures. If possible, one set of photographs of figures should also be submitted. 
Originals can then be held to prevent damage, and the photographs can be sent to 
reviewers. 

Titles and Footnotes. Titles should be specific, but should be kept short by 
deleting unnecessary words. The title footnote shows “Manuscript received . . .” 
and the name and address of the author’s institution. Author footnotes, showing 
position and connections, are desirable although not obligatory. 

Abstract. A concise abstract of about 200 words follows title and authors. It 
should state the principal results and conclusions, and should contain, largely by 
inference, adequate information on the scope and design of the investigation. 

Literature. In general, only recent papers need be listed, and these can often be 
cited more advantageously throughout the text than in the introduction. Long 
introductory reviews should be avoided, especially when a recent review in another 
paper or in a monograph can be cited instead. 

References are arranged and numbered in alphabetical order of authors’ names 
and show author, title, journal, volume, first and last pages, and year. The list is 
given at the end of the paper. Reference numbers must invariably be cited in the 
text, but authors’ names and year may be cited also. Abbreviations for the names 
of journals follow the list given in Chemical Abstracts 40: I-CCIX. 1946. 

Organization. The standard organization involves main sections for abstract, 
introduction, materials, methods, results, discussion, acknowledgments, and literature 
cited. Alternately, a group of related studies, each made with different materials 
or methods, may require a separate section for each study, with subsections for mate- 
rials and methods, and for results, under each section. Center headings are used for 
main sections and italicized run-in headings for subsections, and headings should be 
restricted to these two types only. 
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Tables. Data should be arranged to facilitate the comparisons readers must 
make. Tables should be kept small by breaking up large ones if this is feasible. 
Only about eight columns of tabular matter can be printed across the page. Authors 
should omit all unesyential data such as laboratory numbers, columns of data that 
show no significant variation, and any data not discussed in the text. A text refer- 
ence can frequently be substituted for columns containing only a few data. The 
number of significant figures should be minimized. Box and side headings should be 
kept short by abbreviating freely; unorthodox abbreviations may be explained in 
footnotes, but unnecessary footnotes should be avoided. Leader tables without a 
number, main heading, or ruled lines are often useful for small groups of data. 

Tables should be typed on separate pages at the end of the manuscript, and their 
position should be indicated to the printer by typing “(TABLE 1)” in the appro- 
priate place between lines of the text. (Figures are treated in the same way.) 

Figures. If possible, all line drawings should be made by a competent drafts- 
man. Traditional layouts should be followed: the horizontal axis should be used for 
the independent variable ; curves should be drawn heaviest, axes or frame intermedi- 
ate, and the grid lines lightest; and experimental points should be shown. Labels 
are preferable to legends. Authcurs should avoid identification in cut-lines to be 
printed below the figure, especially if symbols are used that cannot readily be set in 
type. 

Ail drawings should be made about two to three times eventual reduced size with 
India ink on white paper, tracing linen, or blue-lined graph paper; with any other 
color, the unsightly mass of small grid lines is reproduced in the cut. Lettering 
should be done with a guide using India ink; and letters should be vs to éth inch 
high after reduction. 

For difficult photographs, a professional should be hired or aid obtained from a 
good amateur. The subject should be lighted to show details. A bright print with 
considerable contrast reproduces best, and all prints should be made on glossy paper. 

All original figures should be submitted with one set of photographic reproduc- 
tions for reviewers, and each item should be identified by lightly writing number, 
author, and title on the back. Cut-lines (legends) should be typed on a separate 
sheet at the end of the manuscript. “Preparation of Illustrations and Tables” 
(Trans. Am. Assoc. Cereal Chem. 3: 69-104. 1945) amplifies these notes. 

Text. Clarity and conciseness are the prime essentials of a good scientific style. 
Proper grouping of related information and thoughts within paragraphs, selection 
of logical sequynces for paragraphs and for sentences within paragraphs, and a skill- 
ful use of headings and topic sentences are the greatest aids to clarity. Clear phras- 
ing is simplified by writing short sentences, using direct statements and active verbs, 
and preferring the concrete to the abstract, the specific to the general, and the definite 
to the vague. Trite circumlocutions and useless modifiers are the main causes of 
verbosity; they should be removed by repeated editing of drafts. 

Editorial Style A.A.C.C. publications are edited in accordance with A Manual 
of Style, University of Chicago Press, and Webster's Dictionary. A few points 
which authors often treat wrongly are listed below: 

Use names, not formulas, for text references to chemical compounds. Use 
plural verbs with quantities (6.9 g. were). Figures are used before unit abbreviations 
(3 ml.), and % rather than “per cent” is used following figures. All units are abbre- 
viated and followed by periods, except units of time, which are spelled out. Repeat 
the degree sign (5°-10° C.). Place 0 before the decimal point for correlation co- 
efficients (r = 0.95). Use * to mark statistics that exceed the 5% level and ** for 
those that exceed the 1% level; footnotes explaining this convention are no longer 
required. Type fractions on one line if possible, e.g., A/(B+C). Use lower case 
for farinograph, mixogram, etc., unless used with a proper name, i.e., Brabender 
Farinograph. When in doubt about a point that occurs frequently, consult the 
Style Manual or the Dictionary. 
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ENRICHED BREAD 


COMBINES 


HEALTH 
GOOD TASTE 


OXYUTE*, An improved Flour 
Bleaching Agent. 

TRIDEE*, brand of vitamin Dg 
derived from 7-dehydrocholeste- 
rol for fortificetion of onimel 
feeds. 

DELTAXIN®, brord of colciferol, 


pure crystalline vitamin Dz, for 
fortification of fluid milk ond 
other food products. 


CRYSTALLINE VITAMIN Dz, for 
fortification of evaporated milk. 


ASCORBIC ACID, to retord brown- 
ing, retain flavor of frozen fruits 
Pure Crystalline Vitamins 
in Bulk 


Vitamin B, 
(Thiamine Hydrochloride) 


Riboflavin) 
Niacin 
Niocinamide 
Calcium Pantothenate 
Vitamin Bg 
(Pyridoxine) 


. 
AMINO ACIDS 


Authoritative surveys of American diets 
have shown a widespread inadequacy of 
thiamine, riboflavin, niacin and iron. 

By enriching flour and bread, millers and 
bakers have made these essential vitamins 
and iron available to practically everyone. 
For easy, accurate, and economical en- 
richment, Sterwin Chemicals offers two 
proven products with industry-wide ac- 
ceptance: 

VextraM*, the original starch base en- 
richment mixture, gives minimum increase 
of ash content, disperses uniformly. 
B-E-T-S*, the pioneer enrichment tablet, 
contains ferrous sulfate, a highly assimi- 
lable form of food iron, as an exclusive 
feature. 


Chemiiall.. 


v Division of Jeneral I Drug Co. 
170 Varick Street, New York 13, N. Y. 
Branches and Stock Depots in every section of the country 
*Trade Mork Reg. U. S. Pat. Of. 
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SHORTENINGS 
YOU CAN DEPEND UPON 


PRIMEX B&C 


An all-hydrogenated vegetable oil shortening of 
exceptional stability. Excellent for all deep fry- 
ing purposes. Preferred by biscuit and cracker 
bakers, manufacturers of prepared biscuit, pie 
crust, and doughnut flours, and makers of other 
food —— where rancidity troubles are to be 
avo 


SW EETEX 


The “High-Ratio” shortening. Especially de- 
signed to permit bakers to ooniaes “High-Ratio” 
es, icings, and sweet yeast 
} eating and keeping qualities. 


NUTEX 


An all-hydrogenated vegetable oil shortening 
combining the exceptional stability of Primex 
B&C and the “High-Ratio” properties of Sweetex. 
A top quality shortening manufactured for use 
in prepared cake, yeast raised doughnuts and 
sweet yeast dough, and icing mixes. 


PRIMEX 


The all-hydrogenated shortening “that sets the 
quality standard.” A top grade shortening espe- 
cially recommended for doughnut frying, for 
pies, cookies and bread, and for other shortening 


purposes. 


PROCTER & GAMBLE 


Branches and warehouses in principal cities 


General Offices . . . CINCINNATI, OHIO 
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nine START or STOP Here 


Treating an elevator bcot with Dowfume EB-15. 
Note: Operator has gas mask readily available. 


Dow Methyl Bromide 


For general space, vault, boxcar 
and tarpaulin fumigations. Works 
speedily but thoroughly—controls 
rodents and insects in all stages of 
development—aerates rapidly. 


THE DOW CHEMICAL COMPANY 
MIDLAND, MICHIGAN 


for machinery or spot fumigation 


You can say “No Admittance” 
to insects by fumigating ele- 
vator legs and boots with Dow- 
fume EB-15, Dow’s effective 
low vapor pressure spot and 
machinery fumigant. This stops 
insects at the entry point from 
which infestation may spread 
throughout the milling system. 


Many mill sanitation experts 
recommend treating elevator 
legs and boots once each month 
with Dowfume EB-15. 


Here’s why: This residual 
fumigant evaporates slowly and 
is retained in the dead stock, 
where it can remain effective for 
30 to 60 days after application. 


Here’s how: Dowfume EB-15 
is applied to elevator boots 
through hand-hole opening of 
slide spout, through slide in side 
of boot or through hole drilled 
in boot. 


Your fumigator has the facts. 
We will furnish his name on request. 
Ask him about Dowfume £B-15. 


CHEMICALS 
TO INDUSTRY 
AND AGMICULTURE 
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New York Boston Philadelphia Washington + Atlante 
Cleveland + Detroit + Chicago «+ St. Lovis Houston 
San Francisco + Les Angeles + Seattle 
Dow Chemical of Canada, Limited, Toronto, Conede 
bap 


Durkee 


One 
Ameritas 


Great Hood 


[nustitutions 


ELMHURST, L. N. Y. 
BERKELEY, CALIFORNIA 
ELSTON AVENUE, CHICAGO 
LOUISVILLE, KENTUCKY 
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Take advantage 
of quantity pro- 
duction savings! 


Radiates so lit- 
tle heat it may 
be safely placed 
on top of bal- 
ance. 


No. CC 5129-B. 
WACO Balance 
Lamp. White fluo- 
rescent bulb 18” long. 
For 110 volts, 60 
cycle A.C. current. 
$9.00 


SAVE TIME 
... With WACO Constant Weight Dishes 


WACO stainless iy dishes give you effi- 
cient weighing. ... Tared once, they remain 


at constant weight! Originally made for Dr. 


George H. McIntosh, American Maize Prod- 
ucts Co. ... they are ideal for sample weighing. 


No. CC 3326. WACO Stainless Steel Weighing Dishes. 
Diameter 2” by 4%” inside depth. In 100 lots, 60c each. 
Per Dozen $9.00 


Low Cost... Through Quantity Production! 


This stainless steel Oil Refining Cup will not rust 
or corrode. Gives years service, initial cost is low. 
Used for determination of refining loss, according 
to method of A.O.C.S. and National Cottonseed 
Products Association. 

No. CC 3156. Refining Cup. Stainless Steel. For A.O.C.S, and 


N.C.P.A. test of refining loss. Diameter 444%” by 4” high. About 
900 mi. Each $2.90 


Write for FREE 32 page Chemists’ buyers-guide 
THE WACO Catatyst. Vol. 8 CC 


LABORATORY SUPPLIES AND CHEMICALS 


925) W. DIVISION ST., CHICAGO 
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SAPPHIRE AND 
OSMIUM IRIDIUM 


ONLY THE BEST FOR OUR CUSTOMERS. 


Sapphire is the costly material from which watch jewels are 
made. 


Osmium-iridium is the material used for the points which turn 
in these sapphire jewels. 


The combination of the two provides the smoothest riding, 
most wear-resistant movement in existence today. 


With complete disre- 
gard to cost, but with 
no increase in the price 
to our customers, we 
have provided the 
AMYLOGRAPH- 
VISCOGRAPH with 
an especially large and 
expensive sapphire 
, bearing and with an 
osmium-iridium point 
to match. 


ment is that test bowl 
and measuring rod are 
made of Inconel, an 
alloy composed largely 
of nickel and chrome. 
Inconel is said to have 
no detrimental effect 
on enzymes. 


Another improve- 


The AMYLOGRAPH-VISCOGRAPH can be acquired on 
nominal monthly payments. We invite your inquiry. 


BRABENDER CORPORATION, Rochelle Park, N. J. 
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FREE 


kitchen-test 


laboratory service 


Services of Monsanto's modern, kitchen- 
test laboratories are yours upon request 
.-. without cost or obligation. For technical 
information, laboratory recommendations 
or samples of Monsanto food-grade 
phosphoric acid and phosphates — de- 
rived from elemental phosphorus of bet- 
necrest Monsanto Sales Office or write: 
MONSANTO CHEMICAL COMPANY, 
Phosphate Division, Desk B, 1784 South 
Second Street, St. Lovis 4, Missouri. 


zation — HT Mono Calcium 
Phosphate, Di Calcium Phos- 
phate, Tri Calcium 

Calcium Pyrophosphate, 
Sodium Acid Pyrophosphote, 
Sodium Ferric 

Ferric Orthophosphate. 


elphio, go, Boston, 
Detroit, Cleveland, 
Charlotte, Birmingham, Los 
Ang San Fr Seattle, 


. In Coneda: Monsanto 
(Cenada) Limited, Montreal. 


MOoNSANTO 


CHEMICALS 


SERVING INDUSTRY...WHICH SERVES MANKIN 


NOTICE! 


CHANGES IN CEREAL CHEMISTRY RATES 


Owing to rising costs of publication the following rates are effec- 
tive immediately: 
Single Copies ...... $1.50 


(Foreign postage 50 cents extra) 
CEREAL eee back issues and unbound volumes 


are 
Connglete Sete 
Single V 
Single Issues 
Each issue up to and including Vol. XXV, No.6 ......... $1.50 
es 
Order From 
CEREAL CHEMISTRY 
University Farm St. Paul 1, Minnesota 
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Maximum Gluten Hydration 

Better Make-up 

Added Moisture Retention 
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Service When It Counts 


Every se often, we all need assistance and 
need it badly, to furnish the answers to many of our 
problems. In the Flour and Cereal Industry, N-A’s 
Flour Service Division has been supplying practical, 
down-to-earth solutions to many of the industry's 
problems for over 25 years. Using its broad back- 
ground of experience in the manufacture of 
time-tested products for maturing, bleaching, and 
enriching, the N-A Flour Service Division is ready 
to put its nation-wide service organization and 
extensive laboratory and research facilities at your 
service. They will work closely with your own staff 
and consultants to produce a concrete, individual 
solution to fit your particular needs. 

For more details, call your nearest N-A 
Representative today and find out how this 


service can work profitably for you. 


WALLACE & TIERNAN COMPANY, INC., AGENTS FOR 


NOVADEL-AGENE 


SELLEVIMAE ©, NEW JERSEY 
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